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Preface 

This  thesis  is  a follow-on  work  to  a conceptual 
study  of  a small,  low-cost,  jet  enoine  based  on  a 
production  turbocharger.  The  study  employed  a much 
improved  instrumentation  system  to  obtain  steady  state 
performance  parameters  to  determine  the  optimum  thrust 
producing  configuration,  unaugmented.  Experimental  per- 
formance exceeded  the  original  maximum  predicted  thrust 
levels  by  a significant  margin  which  greatly  enhanced 
the  turbocharger  derived  jet  enaine  feasability  concept. 

I wish  to  express  thanks  to  the  following  for  their 
contributions  and  assistance:  Dr.  William  Elrod,  my 

advisor;  Drs . Andrew  Shine  and  Harold  Wright  of  the 
Aeromechanical  Engineering  department  of  the  Air  Force 
Institute  of  Technology  for  their  advice  and  technical 
assistance;  Mr.  Shortt  and  the  personnel  of  the  AFIT 
machine  shop  for  their  direct  support  of  the  project 
hardware  design  and  modification;  Dr.  Wilhelm  Fricksen 
of  the  Mathematics  department  of  the  Air  Force  Institute 
of  Technology  for  his  exoert  programming  assistance. 
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Abstract 

Previous  conceptual  studies  have  shown  that  it  is 
feasible  to  construct  a low-thrust,  jet  engine,  based 
on  a production  turbocharger  at  relatively  low  cost.  A 
parametric  evaluation  was  performed  on  a turbojet  enqine 
derived  from  an  AiResearch  1.5  ] \^j/sec  airflow  turbo- 
charger unit  to  determine  its  static  performance  char- 
acteristics and  the  maximum  attainable  thrust  without 
augmentation  or  major  component  modification.  The  per- 
formance of  various  turbine  housinc/nozzle  combinations 
was  measured  in  steady  state  operation  using  a much  im- 
proved instrumentation  system,  together  with  various 
system  improvements . Parameters  were  measured  on  a 
common  time  base  and  plotted  to  depict  the  total  per- 
formance of  the  unit  over  its  usable  range.  Maximum 
thrust  obtained  was  97  lb£;,  exceeding  the  initially  pre- 
dicted theoretical  value  of  67  lty|  by  45%. 

Data  was  reduced  to  coded  3 digit  numbers  for  pro- 
gramming and  plotting  using  the  CDC  6600  computer.  The 
results  were  machine  plots  depicting  the  performance  char- 
acteristics of  the  unaugmented  engine  for  use  in  further 
studies  including  augmentation.  In  addition,  computer 
performance  programs  for  coded  raw  data  were  written  for 
future  data  reduction  and  analysis. 
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PARAMETRIC  PERFORMANCE  EVALUATION 
OF  A JET  ENGINE  DERIVED  FROM  A 
TURBOCHARGER 

I . Introduction 

Background 

The  Air  Force  Aero  Propulsion  Laboratory  has  ident- 
ified a need  for  and  is  studying  small,  low-cost  propul- 
sion devices  for  RPV  applications.  The  present  work  is 
part  of  an  ongoing  study  at  AFIT  to  develop  such  an  ex- 
pendable, jet  engine  comprised  of  a low-cost,  high 
production  turbocharger  as  the  primary  unit,  together 
with  off-the-shelf  and  locally  fabricated  components. 
Present  turbojet  engines  cost  much  more  than  such  an 
engine,  and,  generally,  are  in  a higher  thrust  range. 
While  small,  low-thrust  engines  do  exist  and  are  being 
used,  such  engines  typically  cost  approximately  $73  per 
pound  of  thrust  while  an  engine  derived  from  a production 
turbocharger  would  cost  approximately  $22  per  pound  of 
thrust  (Ref.  1) . The  possibility  of  a large  cost  savings 
exists  if  this  low-cost  engine’s  performance  is  adequate. 
While  prior  work  was  primarily  a conceptual  and  feasabil- 
ity  study,  the  present  efforts  are  aimed  at  developing 
performance  to  the  level  necessary  for  small  vehicle 
application . 

Objecti ve 

The  primary  objective  was  to  develop  the  performance 
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envelope  for  the  unaugmented  engine,  based  on  the 
AiResearch  T18A-E  turbocharger,  and  to  determine  the 
optimum  thrust  producing  configuration.  This  consisted 
of  the  engine  performance  operating  lines,  RPM 
curves,  thrust  curves,  and  specific  fuel  consumption 
curves.  Secondary  objectives  were  to  make  various 
system  improvements  and  develop  a computer  data  reduc- 
tion and  plotting  program  for  the  above  mentioned 
curves . 

Scope 

The  experimental  investigation  was  limited  to 
varying  two  configuration  parameters:  the  turbine  housing, 
identified  by  an  A/R  number  (see  section  III) , and  coni- 
cal nozzles  of  fixed  exit  diameter,  which  were  locally 
fabricated  in  the  AFIT  shop.  The  turbine  housings  used 
were  a 1.32  A/R,  1.5  A/R,  and  a 1.7  A/R.  The  nozzles 
ranged  in  size  from  2 inches  to  3%  inches  exit  diameter 
in  increments  of  1/8  inch.  Other  system  changes  were 
made  for  the  purpose  of  improving  engine  performance  or 
to  improve  the  test  operation  as  a whole.  No  attempt 
was  made  to  achieve  a configuration  suitable  for  vehicle 
instal lation . 

The  analytic  investigation  was  limited  to  an  analysis 
of  engine  performance  parameters,  since  the  primary  purpose 
was  the  gathering  and  reduction  of  hard  engine  performance 
data . 
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I I . Test  Apparatus , Modi f ications , and  Procedures 

Considerable  work  has  been  done  to  improve  the  in- 
strumentation and  control  of  the  test  stand  facility 
(see  Fisher,  Ref.  3)  including  complete  operation  and 
control  of  the  engine  from  a safe  position  in  the  con- 
trol room  and  continuous  10  parameter  monitoring  and 
recording  (with  18  channel  capability).  This  together 
with  several  engine  improvements  provided  a reliable 
and  accurate  facility  to  record  experimental  performance 
data.  This  section  briefly  describes  the  engine  tested, 
the  modifications  to  the  engine  and  engine  support  equip- 
ment, and  the  general  test  procedure  which  was  followed, 
including  recommendations  for  follow-on  testing. 

Engine 

The  engine  tested  consisted  of  an  AiResearch  T18A-E 
turbocharger  as  the  basic  unit  together  with  a modified 
combustor  from  a MAI A ground  power  unit,  a fixed  diameter 
conical  nozzle,  a standard  design  inlet  bellmouth  with  a 
4.057  inch  throat  diameter,  and  the  associated  oil,  air, 
fuel,  and  electrical  systems  (see  Kent  and  Greene,  Ref.  1 
and  2 for  a detailed  discussion  of  engine  and  combustor 
development).  This  unit  provides  a nominal  1.5  lbm/sec 
airflow  and  is  the  larger  of  the  two  units  developed  by 
Kent  and  Greene. 

Modifications 

One  of  the  main  objectives,  besides  obtaining  accurate, 
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repeatable,  performance  data  over  the  useful  range  of 
operation  of  the  unaugmented  engine  was  to  improve  the 
test  stand  operation  as  a whole  in  order  to  facilitate 
follow-on  testing.  It  was  also  desired  to  make  the 
engine  compatible  with  a newer  instrumentation  and  con- 
trol system,  and  to  improve  ease  of  operation  and  facil- 
itate data  gathering.  Additionally,  since  testing  was 
to  be  done  at  maximum  performance,  safety  considerations 
became  increasingly  important.  With  these  objectives 
in  mind,  the  following  modifications  were  made: 

(1)  Oil  System 

Several  early  potential  problems  were  en- 
countered with  the  oil  supply  system  due  to  oil  backing 
into  the  bearing  housing  and  leaking  through  the  seals. 
This  could  not  only  result  in  faulty  operation  but  con- 
stituted an  unnecessary  fire  hazard.  Therefore,  the 
problem  was  corrected  by  providing  a direct  gravity  flow 
return  line  which  terminated  above  the  reservoir  oil 
level.  Also,  all  mechanical  restrictions  were  removed 
so  there  was  no  possibility  of  oil  backing  up  the  return 
line.  Pressure  was  controlled  by  a regulating  valve  in 
parallel  with  the  constant  volume  oil  pump  and  maintained 
at  30  psi  minimum  with  normal  pressure  maintained  at  40 
to  50  psi  to  keep  from  over-pressurizing  the  seals.  It 
is  recommended  that  the  30  psi  minimum  be  retained  since 
experience  has  shown  that  the  possibility  of  bearing  fail- 
ure exists  with  oil  pressure  below  this  value. 
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(2)  Fuel  System 

In  addition  to  the  previous  fuel  system  which 
supplied  pressurized  fuel  to  an  atomizer  spray  nozzle, 
two  electrically  operated  fuel  shut-off  valves  were 
installed  for  normal  and  emergency  fuel  shut-off.  To 
provide  for  flow  metering  to  the  spray  nozzle,  a console 
mounted  throttle  switch  was  installed  which  controlled  a 
motor  driven  needle  valve.  Also,  a portable  abort  switch 
which  controlled  the  emergency  fuel  shut-off  valve  was 
installed  in  the  test  cell  as  a safety  feature  when  it 
was  necessary  to  inspect  the  engine  during  a test  run. 

(3)  Aii  flow  System 

This  system  is  comprised  of  those  components, 
other  than  the  t urbocharqer , which  supply,  direct,  or 
control  the  airflow  direction  and  pressure.  This  includes 
the  high  pressure  airstart  line,  nozzles,  and  inlet  bell- 
mouth.  The  major  changes  made  here  were: 

(a)  the  addition  of  a bellmouth  fillet  to 
provide  smooth  airflow  to  the  face  of  the  compressor  to 
aid  in  accurate  mass  flow  measurement. 

(b)  the  addition  of  a brass  inner  sleeve  and  an 
outer  aluminum  shroud  to  the  compressor  discharge  hose  to 
protect  the  hose  from  the  high  temperature  compressor  dis- 
charge air  and  from  the  hot  turbine  housing,  and 

(c)  the  addition  of  a console  mounted  airflow 
shut-off  switch  to  provide  control  for  starting  and  motor- 
ing the  engine  when  necessary. 
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The  nozzles  used  in  the  tests  were  fabricated  in 
the  AFIT  machine  shop  in  sizes  ranging  from  2 to  3‘$ 
inches  exit  diameter,  in  increments  of  1/8  inch.  The 
fixed  geometry,  conical  design  was  chosen  for  simplicity 
of  fabrication,  reliability,  and  especially  for  repeat- 
ability of  performance.  Nozzles  larger  than  inches 
were  not  tested  since  they  would  produce  only  marginal 
thrust  increase  with  great  increase  in  specific  fuel  con- 
sumption. Also,  larger  size  nozzles  produce  hard  starts 
and  instability  as  the  nozzle  diameter  approaches  the 
turbine  exit  diameter. 

(4)  Electrical  System 

The  major  changes  were  the  installation  of 
electrically  operated  console  mounted  control  switches 
which  were  used  to  start  and  operate  the  engine.  The 
10,000  volt,  spark  ignition  system  was  retained  with  the 
minor  modification  of  providing  a single  cable,  self- 
contained  ground,  which  provided  a more  positive  electric 
arc.  The  spark  igniter  occasionally  failed  due  to  over- 
heated insulation,  which  in  turn  caused  a short  circuit, 
but  was  otherwise  very  reliable  and  provided  excellent 
starting  characteristics. 

(5)  Turbine  Inspection  Hole 

Although  the  possibility  existed  of  operating 
with  damaged  but  functional  turbine  blades  with  a re- 
sulting degraded  performance  and  lack  of  uniformity 
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between  runs,  it  was  prohibitive  to  tear  down  the  engine 
for  inspection  between  each  run  to  determine  the  condi- 
tion of  the  blades.  To  solve  this  problem,  a small 
diameter  hole  was  drilled  in  the  turbine  housing  and  tap- 
ped for  an  inspection  plug  which  could  be  removed  between 
runs  to  determine  if  there  had  been  any  heat  damage  to  the 
turbine  blade  tips.  This  assured  uniform  performance  from 
the  turbine . 

(6)  Gaskets  and  Seals 

Since  in  a small  engine,  even  minor  losses  can 
be  significant,  every  attempt  was  made  to  tighten  the 
system  against  leakage.  For  this  reason,  gaskets,  and, 
where  necessary,  high  temperature  sealing  compound  were 
placed  between  the  combustor  dome  and  combustor,  igniter 
plug  and  socket,  spray  nozzle  and  combustor  dome,  and  the 
joint  between  the  combustor  and  turbine  housing.  It  is 
worthy  to  note  for  future  work  that  the  use  of  a high 
temperature,  anti-seize  compound  was  found  most  useful  to 
aid  in  removing  clamps,  nozzles,  and  fittings  which  had 
been  heated  to  red  temperatures.  Also,  to  insure  tight 
seals,  all  joining  surfaces  were  brushed  and  treated  with 
sealant  anytime  that  parts  were  disassembled,  even  if  gas- 
kets and  seals  appeared  to  be  serviceable. 

Test  Equipment 

The  instrumentation  and  control  system  was  a major 
effort  (see  Fisher,  Ref.  3,  for  a detailed  discussion)  and 
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allowed  for  gathering  continuous,  steady  state  data 
with  a common  time  base.  The  primary  recording  device 
was  an  18  channel  strip  recorder  using  photo  sensitive 
paper  which  was  used  to  record  the  parameters  P3 , P4 , 
p5  ' T3  ' T4  ' anc3  T5  ' addition  to  the  fuel  flow,  thrust, 
RPM,  and  airflow.  The  subscripts  correspond  to  the  com- 
pressor discharge,  turbine  inlet,  and  turbine  exit  sta- 
tions, respectively,  for  pressure  and  temperature. 

Figure  1 (a)  shows  the  changes  made  to  the  pressure 
and  temperature  sensing  system  during  initial  instrumen- 
tation tests.  To  obtain  a more  accurate  compressor 
pressure  ratio  reading,  it  was  decided  to  reposition 
the  P3  probe  from  the  combustor  outer  liner  to  the  end 
of  the  compressor  housing  diffuser.  Also,  two  probes 
were  used  with  a y-connection  instead  of  one  to  obtain 
an  average  pressure.  In  addition,  the  T4  thermocouple 
located  at  the  position  indicated  in  Fig.  1(a)  was  di- 
rectly exposed  to  the  high  temperature  flame  from  the 
combustor,  especially  when  the  1.32  A/R  housing  was  used. 
Therefore,  to  prevent  loss  of  probes  due  to  overtempera- 
ture and  obtain  a more  accurate  indication  of  gas  temp- 
erature entering  the  turbine,  the  T4  thermocouple  was 
moved  to  the  position  shown  in  Fig.  1(b).  Turbine  exit 
pressure  and  temperature  were  measured  as  shown  by  P5  and 
T5.  The  Tg  readina  was  used  as  a console  control  instru- 
ment to  indicate  exhaust  gas  temperature. 
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Test  Procedures 

Test  procedures  called  for  determining  the  maxi- 
mum performance  for  each  possible  housing/nozzle 
combination.  To  accomplish  this,  several  procedures 
were  adopted,  both  to  insure  that  the  data  would  be  as 
accurate  as  possible  and  that  the  tests  be  completed 
as  safely  as  possible.  Early  tests  were  for  the  pur- 
pose of  determining  the  start,  run,  and  shutdown  seq- 
uences with  the  new  control  system  and  to  calibrate  the 
instrumentation  and  recording  systems.  This  was  accom- 
plished on  the  first  six  test  runs,  1-1  through  1-6 
(see  Appendix  C for  explanation  of  run  designation) . 

Data  taken  through  run  1-6  was  not  considered  usable  for 
presentation  in  the  results.  Data  taken  from  test  runs 
beginning  with  1-7  through  1-29  are  presented  in  the 
results  and  in  Appendix  C.  Typical  tests  began  with  the 
calibration  of  the  pressure  sensing  transducers,  temper- 
ature sensing  thermocouples,  and  the  thrust  strain  guage. 
This  was  followed  by  an  idle  inspection  run,  normal  test 
profile,  maximum  performance  test,  or  endurance  test. 

(1)  Normal  Test  Profile 

All  test  runs  except  those  for  maximum 
endurance,  idle,  and  maximum  performance  tests  consisted 
of  start,  stabilized  idle,  stepped  increases  in  fuel 
pressure,  and  approximately  10  seconds  of  steady-state 
operation  to  allow  readings  to  stabilize,  continued  up  to 
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maximum  temperature  (2000  °F)  . This  was  followed  by- 
stepped  decreases  in  fuel  pressure  down  to  idle  to 
observe  for  hysteresis  and  check  repeatability  of  the 
test  data.  The  engine  was  allowed  to  run  for  2 minutes 
at  idle  power  to  cool  prior  to  shutdown.  The  proce- 
dure of  motoring  the  engine  with  air  pressure  was  dis- 
continued since  there  was  less  likelihood  of  heat  damage 
with  the  two  minute  idle  and  shutdown  than  by  blowing 
air  over  the  red  hot  metal.  A recording  of  temperatures 
following  an  idle  shutdown  showed  a slight  increase  in 
gas  temperature  with  all  temperatures  leveling  off  at 

t 

a safe  value,  with  a maximum  increase  of  approximately 
150  °F  above  idle  temperatures. 

(2)  Maximum  Performance  Testing 

The  test  profile  to  determine  maximum  per- 
formance limits  consisted  of  idle  start,  advance  to  2000  °F 
turbine  inlet  temperature,  stable  operation  for  5 minutes 
followed  by  idle  cooling  and  shutdown.  This  profile 
demonstrated  a 5 minute  full  power  capability. 

(3)  Endurance  Testing 

It  was  desired  to  demonstrate  a minimum 
mission  time  of  30  minutes  at  reduced  thrust  (1800  °F) . 
and  although  this  test  was  not  completed,  it  was  con- 
cluded that  the  engine  has  a 30  minute  capability  at 
reduced  thrust , based  on  accumulated  run  time  at  maximum 
temperature.  Since  cyclic  operation  is,  in  nearly  all 
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cases,  a more  severe  stress  than  continuous  operation, 
30  minutes  of  accumulated  time  without  failure  should 
be  indicative  of  mission  time  greater  than  30  minutes 
continuous . 
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III.  Experimental  Results 
The  experimental  results  obtained  were  most  satis- 
factory in  that  they  not  only  showed  a performance  level 
considerably  above  that  originally  predicted,  but  gave 
rather  uniform  results  over  the  entire  performance,  range 
attainable  with  the  turbocharger/component  combinations 
available  for  this  engine  with  very  little  experimental 
scatter.  Some  data  had  to  be  discarded  as  invalid  and 
all  parameters  were  not  always  measurable.  It  was  soon 
discovered  that  in  an  experimental  situation,  with  new 
equipment  and  procedures,  the  failure  rates  are  very 
high  and  it  is  extremely  difficult  to  keep  everything 
workinq  perfectly  all  the  time.  Nevertheless,  the  data 
taken  was  considered  valid  and  sufficiently  complete  to 
display  the  performance  of  the  engine. 

Discussion  of  Overal 1 Performance 

The  turbocharger  tested  produced  an  engine  in  the 
100  lbf  thrust  class  operating  at  74,000  RPM  with  a SFC 
of  1.74.  It  is  a temperature  limited  device  (2000  °F) 
which,  together  with  the  turbine  housing/nozzle , set  the 
maximum  thrust  attainable,  unaugmented.  No  further  thrust 
advantage  is  likely  without  major  modification  or  config- 
uration change. 

Thrust  Performance  (General ) 

The  maximum  thrust  achieved  (corrected)  was  97  lbf 
with  the  1.5  A/R  turbine  housing  and  the  3 4 inch  nozzle. 
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The  earlier  thrust  predictions  of  67  lbf  by  Kent  (Ref.  1) 
were  based  on  a design  point  thermodynamic  Brayton  cycle 
analysis  program  called  Carpet  (Ref.  4)  which  predicts 
the  performance  of  an  engine,  given  the  maximum  temper- 
ature, compressor  pressure  ratio,  and  the  appropriate 
efficiencies  of  the  engine  components.  While  the  analy- 
sis by  Kent  was  correct,  the  assumed  operating  line  of 
maximum  adiabatic  compressor  efficiency  used  to  make 
initial  estimates  of  the  performance  turned  out  to  be 
significantly  to  the  left  of  the  actual  operating  lines, 
as  measured  by  experiment.  Additionally,  mass  flows  in 
excess  of  1.5  lbm  per  second  were  not  anticipated,  while 
the  maximum  actually  achieved  experimentally  was  1.63  lbm 
per  second . 

Engine  Performance  Operating  Lines 

The  engine  operating  lin’es  for  the  various  config- 
urations correspond  to  the  pressure  required  by  the  sys- 
tem downstream  of  the  compressor  and  represent  the  flow 
resistance  of  a given  assembly  of  combustion  chamber, 

v 

turbine,  tailpipe,  and  nozzle.  The  curves  indicate  lines 
on  which  the  compressor  operates  in  a stable  fashion  when 
installed  in  a given  fixed  geometry  engine.  All  values 
are  corrected  to  standard  values  of  14.7  psi  and  518.7  °R 
Since  the  data  was  recorded  at  arbitrary  RPM  points, 
it  was  necessary  to  cross  plot  Prc  and  Wg  versus  RPM  to 
obtain  lines  of  constant  RPM.  These  lines  correspond  to 


GAE/AE/76P-2 


the  pressure  available  from  the  compressor.  All  RPM 
operating  lines  terminate  at  a surge  or  stall  limit 
(see  Fig.  2)  the  sum  of  which  forms  the  surge  line 
which  puts  a limit  on  stable  operation.  Since,  however, 

**• 

the  testing  was  not  done  at  constant  RPM  as  is  often 
the  case  in  compressor  development^,  the  surge  line  could 
not  be  determined  directly.  Instead,  the  performance 
envelope  boundaries  were  determined  by  varying  system 
pressure  demand  by  changing  nozzles  until  stall  or  surge 
was  reached.  Thus  the  operating  line  of  the  smallest 
nozzle  capable  of  sustained,  steady-state  operation  with 
a given  turbine  housing  would  lie  just  to  the  right  of 
the  surge  line  and  the  operating  line  of  the  largest 
nozzle  would  lie  just  to  the  left  of  the  outer  instability 
boundary.  Larger  nozzles  would  not  supply  enough  pressure 
demand  on  the  system  to  allow  stable  operation.  The  dotted 
line  in  Figure  2 represents  an  outer  stability  boundary  for 
the  case  of  operation  with  no  nozzle.  Since  it  was  not 
possible  to  obtain  sustained  burning  with  no  nozzle,  such 
lines  could  not  be  determined  experimentally. 

The  operating  lines  presented  in  Figs.  3,  4,  and  5 
are  for  nozzles  which  provided  smooth,  stable  operation 
with  a given  turbine  housing  over  its  entire  range  of 
operation.  Thus  a 2 inch  nozzle  would  not  allow  stable 
operation  with  any  turbine  housing,  and  nozzles  smaller 
than  2 \ inches  would  not  allow  stable  operation  with  the 
1.7  A/R  housing,  etc.,  and  thus  this  data  was  not  recorded. 
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V/a 

Fig.  2 Typical  Compressor  Performance 


An  analysis  of  the  engine  performance  operating  line 
data  leads  to  several  significant  results: 

(1)  All  data  lies  within  a performance  envelope 
hounded  by  a compressor  surge  limit,  a maximum  turbine 
temperature  limit,  and  an  engine  instability  limit. 

(2)  For  a given  turbine  housing,  and  fixed  Prc - in- 
creasing nozzle  size  results  in  increased  airflow  until 
engine  instability  is  encountered  with  too  large  a nozzle. 

(3)  The  maximum  temperature  limit  (2000  °F)  occurs 
at  nearly  the  same  P for  any  size  nozzle,  for  a given 
turbine  housing  A/R  number. 
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Fig.  4 Engine  Performance  for  1.5  A/R  Housing 


18 


GAE/AF/76P-2 


M«  (CORRECTED  AIR  FLOW) 


Fig.  5 Engine  Performance  for  1.7  A/R  Housing 
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(4)  A maximum  P of  3.5  was  achieved  with  the 

rc 

1.5  A/R  turbine  housing  and  the  3 '4  inch  nozzle. 

(5)  For  all  configurations  tested,  the  data  showed 
a distinct  tendency  for  the  slope  of  the  P /W  curve  to 
become  infinite.  This  indicates  the  points  at  which  the 
maximum  mass  flow  was  achieved. 

Thrust  and  Specific  Fuel  Consumption 

The  thrust  and  specific  fuel  consumption  (SFC)  per- 
formance of  the  three  turbine  housings  with  the  various 
nozzle  configurations  are  shown  in  Figs.  6 through  17 
plotted  against  RPM.  All  values  are  corrected  to  a 
standard  value  of  14.7  psi  and  518.7  °R.  With  the  ex- 
ception of  some  of  the  1.32  A/R  and  1.7  A/R  curves,  the 
data  shows  expected  values,  the  thrust  curves  showing 
uniform  good  results. 

An  analysis  of  the  thrust  and  SFC  results  showed  the 
f ol lowing : 

(1)  Best  performance  in  thrust  and  SFC  was  with 
the  1 . 5 A/R. 

(2)  The  1.32  A/R  and  1.7  A/R  housings  exhibited 
off-design  performance  with  either  a significant  loss  of 
thrust  at  the  same  RPM,  as  compared  to  the  1.5  A/R  or  a 
large  increase  in  SFC  at  the  same  RPM.  For  example,  with 
the  3 inch  nozzle  at  60,000  RPM,  the  1.5  A/R  produced 
approximately  65  lbf  thrust?  the  1.32  A/R  produced  no  more 
than  60  Ibf  thrust  with  any  nozzle,  and  while  the  1.7  A/R 
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produced  72  lbf  thrust,  it  did  so  with  an  increase  in 
SFC  of  .22  (an  increase  in  SFC  of  .1  is  considered  a 
significant  oercentage  increase) . 

(3)  Several  SFC  curves  exhibited  atyptical  be- 
havior in  that  they  failed  to  curve  upwards  with  de- 
creasing RPM  below  the  point  of  'minimum'  SFC.  This  was 
believed  to  be  due  primarily  to  the  non-linearity  of  the 
flow  meter  and  frequency  converter  at  low  flow  rates. 
(See  Appendix  C for  further  discussion.) 
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Discussion  of  Turbine  In  let  Temperature  Limits 

The  peaks  of  the  operating  lines  represent  the 
upper  temperature  limit  which  was  achieved  without  de- 
struction of  the  turbine  blades.  This  was  an  experi- 
mentally determined  value  of  2000  °F.  It  is  a valid 
question  whether  this  represents  the  actual  temperature 
at  the  turbine  blades.  In  actuality,  such  a determina- 
tion would  require  an  elaborate  temperature  survey 
which  is  beyond  the  scope  of  this  thesis.  However, 
based  on  observation  of  engine  operation,  maximum  temp- 
erature limits  of  turbine  metals,  and  measured  perfor- 
mance, the  value  of  2000  of,  as  measured  at  the  location 
shown  in  Fig.  1(b) , was  judged  sufficiently  accurate  to 
approximate  the  turbine  inlet  temperature.  In  all  cases, 
the  temperature  limit  was  reached  before  the  flow  became 
choked,  and  the  engine  is  thus  temperature  limited. 
Furthermore,  the  modified  MA1A  combustor  was  capable  of 
supplying  all  the  energy  demanded  under  any  operating 
condition  encountered  with  all  configurations,  and  thus 
is  suitable  for  continuation  testing  including  augmenter 
studies . 

Turbine  Housings 

The  heavy,  cast  housing  surrounding  the  turbine 
serves  as  a turbine  nozzle  guide  vane  and  as  a protec- 
tive enclosure  for  the  turbine  wheel.  It  is  identified 
(as  used  by  AiResearch)  by  an  A/R  number,  which  is  a 
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ratio  of  the  throat  area  of  the  housing  to  the  distance 
from  the  centroid  of  this  area  to  the  center  of  the 
turbine  wheel  (see  Fig.  18) . 


area  of  throat 

R = distance  from  centroid 
of  this  area  to  the 
center  of  the  turbine 
wheel 

Fig.  18  Turbine  Housing  A/R  Number 

The  value  of  the  ratio  A/R  actually  determines 
the  amount  of  power  that  the  turbine  extracts  from  the 
hot  gas.  Changing  the  A/R  will  change  the  volume  sur- 
rounding the  turbine  wheel  and  the  angle  at  which  the 
gas  impinges  on  the  blades,  and  thus  will  cause  the 
turbine  (and  compressor)  to  turn  at  a different  rate. 
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It  was  found  that  the  optimum  A/R  for  maximum 
thrust  and  best  SFC  was  the  1.5.  Both  the  1.32  A/R 
and  the  1.7  A/R  were  off-design  performing  housings 
compared  to  the  1.5  A/R.  Furthermore,  while  the  1.32 
A/R  housing  achieved  a thrust  and  mass  flow  comparable 
to  the  1.7  A/R,  a comparison  of  engine  performance  shows 
that  the  1.32  A/R  achieved  the  same  mass  flow  at  a 
higher  Prc  than  the  1.7  A/R,  or  stated  another  way,  for 
the  same  Prc  the  1.7  A/R  produced  a higher  mass  flow. 

This  means  that  the  machine  with  the  1.32  A/R  is  less 
efficient  than  the  machine  with  the  1.7  A/R  and  this 
is  seen  in  the  higher  SFC  for  the  1.32  A/R.  Thus,  the 
same  mass  flow  is  produced  at  the  cost  of  increased 
energy,  which  is  dissipated  as  viscous  and  thermal  losses. 
In  addition,  the  1.32  A/R  exhibited  a much  narrower  oper- 
ating range  between  idle  and  maximum  thrust. 

Destructive  Testing  and  Engine  Failures 

Within  the  meaning  of  turbine  inlet  temperature 
limits  discussed  previously,  it  was  observed  that  the 
combinations  of  severe  stress  and  high  temperature  en- 
countered by  the  turbine  blades  was  likely  to  cause  a 
failure  after  only  a short  period  of  operation  whenever 
the  temperature  was  in  the  range  of  2000  to  2200  of. 

When  temperatures  above  2200  °F  were  encountered , tur- 
bine disintegration  occurred  precipitously,  usually  be- 
fore corrective  action  couid  be  taken.  Failures  were 
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instantaneous  following  onset,  but  none  were  sufficiently 
violent  to  be  considered  hazardous. 

Initial  scheduling  of  engine  tests  called  for  de- 
structive testing  to  determine  failure  limits  and  po- 
tentially hazardous  failure  modes.  However,  in  the 
course  of  determining  maximum  performance,  sufficient 
data  was  gathered  on  failures,  so  that  programmed  de- 
struct  tests  were  not  required. 

In  all  cases,  the  heavy,  cast  turbine  housing  con- 
tained the  molten  metal  in  the  di si nten rat  1 on  plane  of 
the  turbine,  and  simply  ejected  a shower  of  sparks 
through  the  nozzle. 

In  addition  to  direct  overtemperature,  failure 
could  be  induced  by  any  malfunction  or  failure  that 
caused  a precipitous  loss  of  airflow  when  running  near 
the  maximum  temperature  limit.  One  such  failure  was 
caused,  in  fact,  when  the  compressor  impeller  came  loose 
on  its  shaft  with  resulting  compressor  ar.d  turbine  de- 
struction (see  Fig.  19). 

Although  damage  was  sustained  to  the  equipment 
during  the  failures  discussed,  all  engine  configurations 
tested  were  safe  to  operate  in  regard  to  violent  failure. 
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IV.  Conclusions  and  Recommendations 
Conclusions 

The  objectives  of  the  thesis  were  met  in  that  the 
performance  envelopes  of  all  configurations  of  interest 
were  obtained,  together  with  the  optimum  and  maximum 
performance  configuration.  Additionally,  with  the  use 
of  the  computer  programs  listed  in  Appendix  A,  similar 
plots  of  engine  performance,  thrust,  and  SFC  are  avail- 
able for  future  use  simply  by  attaching  the  appropriate 
data  to  the  programs. 

Specific  conclusions  are: 

(1)  Maximum  performance  is  limited  by  surge 
and  turbine  inlet  temperature. 

(2)  The  maximum  sustained  thrust  will  exceed 
5 minutes  continuous  operation. 

(3)  The  engine  will  operate  for  30  minutes  at 
or  below  1800  °F. 

(4)  The  maximum  turbine  inlet  temperature  is 

2000  °F. 

(5)  Between  2000  and  2200  °F  turbine  failure  is 
likely  after  a short  period  of  operation. 

(6)  Above  2200  °F,  turbine  disintegration 
occurs  precipitously. 

(7)  The  optimum  configuration  is  the  A/R  1.5 
housing  with  the  3I4  inch  nozzle. 
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(8)  The  A/R  1.32  housing  is  the  least  suitable 
for  this  application. 


(9)  For  a given  turbine  housing,  increasing  the 
nozzle  size  results  in  increased  weight  flow  up  to  the 
outer  instability  limit  (for  the  same  pressure  ratio  and 
turbine  inlet  temperature) . 

(10)  The  maximum  temperature  limit  (2000  °F,  as 
previously  defined)  occurs  at  approximately  the  same  P 
for  any  size  nozzle  (for  a given  turbine  housing). 

(11)  The  data  is  accurate  and  repeatable  (with 
5%  accuracy) . 

(12)  All  configurations  are  safe  to  operate  in 
regard  to  violent  failure. 

Recommendations 

Based  on  experience  with  over  22  fully  instrumented 
test  runs  of  the  engine,  and  analysis  of  all  the  test  re- 
sults, the  following  recommendations  are  made  in  regard 
to  continued  development  of  the  turbocharger  derived 


engine  : 

(1)  Record  data  from  future  runs  on  computer 
software  (e.g.,  magnetic  tape)  for  greatly  reduced  data 
reduction  time.  With  the  attachment  of  such  data  to  the 
programs  already  developed,  rapid  turnaround  of  results  is 
possible  for  analysis. 

(2)  Test  only  with  an  operable  turbine  inlet 
temperature  thermocouple  or  sensor,  as  it  is  considered 
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essential  for  testing  if  inadvertent  destruction  of  the 
turbine  is  to  be  avoided. 

(3)  Verify  maximum  endurance  (30  minutes) 

di rect ly . 

(4)  Improve  operating  controls  on  the  console 
to  include  a direct  reading  turbine  inlet  temperature, 
and  either  RPM  or  thrust. 

(5)  Make  limited  survey  of  to  determine  an 
accurate  value  of  temperature  at  the  turbine  blades. 

(6)  Follow  with  augmenter  studies  with  em- 
phasis on  the  1.5  A/R  housing,  and  nozzles  3 inches  or 
larger. 

(7)  Develop  a variable  swirl  vane  assembly  to 

be  installed  between  stations  4 and  5 (turbine  and  nozzle) . 
While  no  appreciable  swirl  was  detected  at  maximum  RPM,  a 
swirl  component  may  be  desirable  in  augmented  operation. 

(8)  Develop  instrumentation  to  measure  low 
fuel  flow  rates  to  verify  SEC  curves. 
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Appendix  A 

Computer  Performance  Programs 

This  appendix  contains  the  following  computed  pro- 
grams, together  with  instructions  for  compiling  and 
attaching  data,  for  plotting  on  the  CDC  6600  computer 
system  using  the  CALCOMP  plotter. 

PROGRAM  PERF 

This  program  was  used  to  generate  the  engine  oper- 
ating lines,  depicting  various  nozzle  (or  other  compo- 
nent) performance  on  a plot  of  Prc  vs  VJa . 

Program  functions  are  identified  by  comments  to  aid 
in  modifying  the  program  such  as  scale  and  label  changes 
(this  applies  to  all  programs) . Although  lines  are  not 
shown  on  the  plot,  to  avoid  the  use  of  proprietary  in- 
formation, the  program  contains  a calling  sequence  which 
will  draw  a line  of  maximum  adiabatic  efficiency,  lines  of 
constant  RPM,  or  any  line  for  which  coordinates  are  in- 
serted. The  user  should  supply  his  own  data  in  the  program. 
PROGRAM  SFC 

This  program  was  used  to  generate  both  the  thrust  and 
the  specific  fuel  consumption  of  various  component  config- 
urations, each  as  a function  of  RPM. 

PROGRAM  RPM 

This  program  was  used  to  generate  lines  of  constant 
RPM  by  means  of  a crossplot  of  Prc  and  Wg  versus  RPM.  The 
plots  are  shown  in  Appendix  B. 
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PROGRAM  PER- < INPUT , OUTPUT  , PLOT  ) 


* THIS  PROGRAM  PLOTS  PRESSURE  RATIO  VERSUS  WEIGHT  FLOW  for  AN 

* ARBITRARY  NUMBER  0r  OPERATING  .INES  SPECIFIED  IN  HE  OATA 

* DECK*  IN  AOJITIUN,  IT  WI.L  ORAW  A LINE  OF  CONSTANT  A0I43ATIC 

* EFFICIENCY,  AND,  IF  DATA  -ROM  THE  PROGRAM  RPfl  ARE  INSERTED, 

* IT  WIL.  ORAW  LINES  OF  CONSTANT  RPM. 


L ♦*»****+**,  **»**♦,,,****,  ****♦***»***♦♦*»»*, 


INTlGER  U(10) 

DIMENSION  X (100) ,Y(100) 

OIMENSION  L EG ( 3 ) 

INTEGER  N0ZSIZ(7),N0ZSY1(7),IND(15) ,NS4*AY<15) 
IDENTIFY  NOZZ.E  SIZES 


OATA  NOZ3IZ/5H3  1/4,5-13  1/8, 5H3  ,5H2  5/3, 

0 5H2  1/2, 5H2  7/8, 5H2  3H/ 


IDENTIFY  SYMBOLS  USED  IN  NOZZLE  .EGENO  p ROM  CALCOM3  GUIDE 


OATA  NOZSYM/O , 2, 4 , 5 , S ,7, 11/ 

OATA  LEG/ 1 0 HL  EGENO  - N,10NOZZLc.  SIZ=.,10H  IN  INCHES/ 
CALL  PLOT ( 0. ,-3. ,-3> 

CALL  PLOT  (0,,1.0,-3) 

CALL  FACTOR  (O.a) 
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:onstruct  wa-^r:  AX_S 

CALL  GRI J ( 0 . , 0 . , 1. , l. *18,12) 

DOUBLlS  BORDER 

CALL  PL0T(13,  01,11.01*3) 

CALL  FLOT(  If.  01,-0.01,2) 

CALL  PLOT(-Q. 01,-0.  31,2) 

CALL  PLOU-0. 01, 11.01,2) 

CALL  PLOT ( 17. 01, 11, 01,2) 

N'JMBER  HA  AXES 

00  10  1=10,30,10 
F PN= 130.  - t 
A = - 0 • 3*, 

B = I/10.  - 0.  79 

10  CALL  N'JM3ER(A,B,0.1,,roN,-90.,-l) 
00  20  1 = 10  , 90  , 10 
FPN=100.-I 
B=I / 1 0.  2.14 

NUMBER  PRC  AXES 

20  CALL  NUr13£R(  A ,3,0.  14,  F?N, -90.  ,-l> 
OO  60  1=10,30, 10 
FPN=  1 30.  - I 
A=17 , 2 
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8=1/10. -0. 79 

50  CALL  NUMBER  ( A , 3 , 0 . V 4 ,F3  N, -9 0 . , - 1 ) 
DO  70  1=10,90,10 
F PN= 1 00 • - I 


8 = 1/1 0»  +2. 1. 

70  CALL  NUMBER  ( A , 3 , 0 . 14  ,FPN , -9D . , -1 > 
DO  5 0 1=10,44,2 
FPN  = 1/10. 

B=-0. 2 

A=  C 1-10 . ) 72.-0.07 

50  CALL  N'JM3ER(  A ,3,0.  14,  F3N, -90.  , 1) 

00  3 0 1 = 10, '+4,2 
FPN=I/10. 


B=11.40 


A=(I-1Q. >72.-0.07 


30 


CALL  NUMBER 
CALL  SYM30L 
CALL  SYMBOL 
CALL  SYMBOL 
CALL  SYMBOL 
CALL  SYMBOL 
CALL  SYM30L 
CALL  SYM33L 


(A, 1,0. 14,FPN,-90. ,1) 

(7.34,11. 73,0. 2d,  1 INCORRECT  ID)  ,0.  , 11) 
(lb.4,9»5».l4»L£S,-90.,3<J) 

(7.  , 11.73  , 0. 23,  HP,  0.  ,1) 

(7.23,11.73,0.  14,  2HRC, 3.  ,2) 

(-.  92, 3. 5,0. 23,  HW, -9  0.,1> 

(-.92,3. 22,0. 14, IMA, -90.  ,1) 

(-.92,7. 55,0. 23, 2 0 H (CORRECT: 0 AIR  FLOW) ,-90 


20  > 


C 

C DRAWS  LINE  OF  MAXIMUM  ADIABATIC  EFFICIENCY,  LINES  OF  CONSTANT  RPM, 
C OR  ANY  LINE  FOR  WHICH  COORDINATES  ARE  InSlRtE0.  REPLACE  NJMB^R  7 
C IN  FOLLOWING  STATEMENT  WITH  THt  NJM3ER  OF  LINES  TO  BE  DRAWN  IN 
C YOUR  PROGRAM. 

C 


DO  300  1=1,7 
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READ*  ,N 

READ*  , (Y  < J > ,X  < J> , J = l, N> 

X (N+ 1 ) = 1. 3 
X <N  + 2>  = 0. 2 
Y (N+l ) = 123 • 

Y (N+2)=-10. 

M = -N 

300  CALL  FLIMi  ( X , Y , M , 1 , 0 , 0) 

1 FORMAT  { ft 1 0 » 

5 0 C FORMAT  (A3) 

READS  AND  PLOTS  DATA 

INSERT  DATA  CAROS  IN  FOLLOWING  ORDER 

CARD  1 - ENTER  NUMBER  0-  SETS  OF  DATA 
CARO  2 - ENTER  HOUSING  A/R  SIZE 
CARD  3 - 3LANK  CARD 

CARD  4 - ENTER  3YM30L  FOR  NOZZLE  SIZE  "’OM  CALOOMP  PLOTTER  5JI0 
PAGE  t5 

CARO  5 - ENTER  DATE  OR  LEAVE  BLAN< 

CARO  6 - ENTER  A/R  NJM3ER  OR  LEAVE  3LAN< 

CARO  7 - ENTER  NOZZ.E  SIZE  IN  INCHES 

CARD  6 - ENTER  T INFINITY  IN  DEGREES  R 

CARD  9 - ENTER  3 INFINITY  IN  PSI 

CARD  10  - ENTER  RUN  TIME  OR  LEAVE  3LANK 

CARO  11  - ENTER  NUMBER  OF  DATA  POINTS  TJ  3E  PLOTTED 

CARO  12  - BEGIN  DATA 

PARAMETERS  ON  DATA  CARDS  ARE  THREE  DIGIT  FI  “.iO-POINT  NUMBERS. 
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THEY  ARE  SEPARATED  3Y  A SINGLE  S^ACE  ANO  THE  FIRST  NJM3ER 
3-1  GINS  IN  COLJMN  TWO.  THEY  ARE  .ISTEO  IN  THIS  PROGRAM  IN  THE 
FOLLOWING  ORDERS  P3,  P-»,  , T3,  T4,  T5,  F/F,  THRUST,  RPH, 

AND  WtIGHT  FLOW. 

READ* ,NSETS 
REAO  200, IAR 
200  FORMAT  (A4) 

DO  240  1=1 » N5ET3 
READ  21 0 , N 31 Z 
210  FORMAT  (>♦</>, A5> 

READ4  , T I N 7 
READ* ,PIN" 

READ  1,  THE 
READ4  ,N 
00  600  L = l,  N 

Ri  A O PARAMETERS  ON  DATA  SARDS  AND  PERFORM  CA.CULATIONS  ^OR 
CORRECTED  PRESSURE  RATIO  AND  WEIGHT  FLOW.  \T  LUc.S  ARE  CORREDTED 
TO  THE  TEMPERATJRt.  AND  3RES3JRE  READ  ON  OATC  CARDS  6 ANO  9 A3DVE. 

READ  510, U 
510  F ORMA  T (1014) 

CONVERT  P3  TO  INCHcS  MEASJRiD  3Y  STRI3  RECORDER 
X (L  ) = FL  OA  T (JCl) )/100. 

CONVERT  TO  PRESSJRE  (1  INCH  = 10  PSI)  AND  COMPUTE  3RC  CORRECTED 
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X(L>  = (X(LI»13>  Plsr)/PINP 

CONV ERT  WEIGHT  rLOW  TO  INCHES  MEASURED  3Y  STRIP  RECORDER 
Y(L>=FLOAT(J<10) )/103. 

COMPUTE  WEIGHT  rL0W  { UNC  D ?REC  T ED)  - RE-  FISHER 

Y<D  = 111.24*SaRT<<PrM-*2.  *Y(L>  )/(.4913*riNF>) 

MOTlI  111.24  = (1.8358) (. 9325)  (53) 

COMPUTE  C ORREC  T £ 0 W.IGHT  r_0W 

Y <L>=  (14.7*Y  ( L ) * SORT ( TINF / 51 3 • 7)  > / (PlNr> 

SCALc.  CHANGE  TO  POSITION  ORIGIN 

X(L)  = (X(L)-l.  0 ) / • 2 
Y(L) = (Y (L> -120. > /(-10. > 

IDENTIFY  INDEX  NJM9ERS  Dr  SYM30L3  USED  IN  LESENO 
00  dOO  J= 1 » 7 

IF(NOZSIZ(J).tQ.NSIZ>  IND(I)=J 
800  CONTINUE 

NS=NOZSYM( I N 0 < I ) ) 

CALL  SYMBOL  ( X ( _ ) , Y ( _ ) , 0 . 14,  NS  , - 9 0 . , - 1) 

500  CONTINUE 
240  CONTINUE 
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PJT  LEGEND  ON  G^A  PH 
KK=  1 

NSA*AY< 1) = IND  (1) 

DO  620  J=2,NSET3 
00  350  1=1, << 

IF(NSA*AY( I> . EQ. INJ( J> ) G 3 TO  820 
350  CONTINUE 
KK=KK+i 

NSA*AY(«)  = I N D ( J ) 

320  CONTI NUE 
K=1H- 
. A = 1 5#  A 
AA=15. 33 
B=9.5 
C = 9. 30 
0=9.10 

00  640  J=l,<< 

NS=NO  ZS  YM ( N 3 A R \ Y (J) ) 

CALL  SYMBOL(A,3,.1V,NS,-90.,-1> 

CALL  SYMBOL ( A A , 3,. 1. , <,-90., 1) 

CALL  SYM3OL(AA,3,.lV,N0ZS[Z<NSAPAYljn,-90.,5) 
A=A-1. 

AA=AA-1. 

8 VO  CONTINUE 
350  CALL  PLOT ( 23. , 0. ,-3) 

CALL  PLOTE(N) 

STOP 

END 
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PROGRAM  SrC  (INPUT, OUT  =>'JT  .PLOT) 


* THIS  -5r0  SRAM  3L 07  5 CORRECTED  VA.UES  0 r SPECIFIC  FOE. 

* CONSUMPTION  AND  THRUST  VERSUS  R3M,  £A  )H  ON  A SEPARATE  GRI3. 


‘ * ♦ ♦ ♦ * * * 


REAL  X ( 10  0 > , Y (100) ,R<120> 

INTEGtR  U( 10) 

INTEGER  LEG1( 2) ,LEG2( 2) 

INTEGER  N0ZSIZ(7) ,NOZ$YM(7),INO(15> 

DIMENSION  NS  A RAY (7 ) 

IDENTIFY  NOZZLE  SIZES 

DATA  NOZSIZ75H3  1/h,5H3  1/8, 5H3  ,5H2  5/8, 

#5H2  1/2, p42  7/6, 5H2  3/-f/ 

IDENTIFY  SYMBOLS  USED  IN  NOZZ.E  LEGEND  FROM  CALCOMP  GUIDE 

OATA  NOZSYM/O ,2,h,5,S,7, 11/ 

DATA  LEGl/l)HLr_0EN0-NDZ,3HZ.E/ 

OATA  LEG2/10HSIZE  IN  IN.+MCHES/ 

CALL  PL0T{ 0, , 3, ,-3) 

CONSTRUCT  RP M- c H AXES 

CALL  GRID(0#»0»»i»»l»  ,5,5) 
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MJM3£P  *PM  AXIS 
3=-. 28 

00  10  1=30,40,10 
FPN=  I 

A = ( I -30  » ) '13. 14 

10  CALL  NUMBER  A , 3,.  14,FPN,  0.  ,-l> 

SIM9ER  FN  AXIS 

A=-. 28 

00  20  1=25,125,25 
FPM=  I 

B=  I/25-.07 
IF(I.GE.100>  A--. 42 
20  CALL  NUM3£R(  4 ,8,.  1*,F=>M,  0.  ,-l) 

LABEL  RPM  AXIS 

CALL  SYMB3L<2. ,-.75,. 14,39RPM  X 10,0. ,9) 
CALL  SYMBOL  <2.1 -,,-0.3  9,.  1 4, 25,0., -I ) 

CALL  SYMBOL (2. 23,-0.39,. 14,132, 0. ,-l> 

CALL  SYMBOL  <3. 12, -.61,. 0 7, 2H- 3 ,0. ,2) 

label  fn  AXIS 

A=- .75 

B = l. 

CALL  SYMBOL < 4 , 9, . 14, 1CHF  t (LB  ),90.,10> 
CALL  SYMBOL (A ,1.42,. 14,94,90. ,-l> 
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A = -. b 1 
8=1* 14 

CALL  SYM30L(A,9,.07,HN,93.,1> 

9=2.12 

CALL  SYM30L(A,9,.07,1MF,90.,1> 

CONSTRUCT  RPM-SrC  AXES  SYSTEM 

CALL  FL0T<3.  , 0.  ,-3) 

CALL  GRIO(0.»G.,l.,l.  » ~)  * 5 • 

NJM3ER  RPM  AXIS 

9=-. 28 

00  tO  1=30,30,10 
F PN=  I 

A=(I-30.  > /13. -.  14 

40  CALL  NUM3£R<A,B,.14,FPN,0.,-1> 

LABEL  RPM  AXIS 

CALL  SYMBOLt  2.  , -.75,.  14, 39RPN  X 10,0.  ,3) 
CALL  SYMBOL  (2.  1 •♦,-0.  3 3,.  14,25,0.,-!) 

CALL  SYMBOL (2. 23,-0.39,. 1 4 , 1 32 , 0. , - 1 ) 
CALL  SYMBOL (3. 12, -.ol, .07, 2H-3 ,0.  , 2) 

NUMBER  SFC  AXIS 

CALL  NUM8£R(-.42, 0 • 9 "S . 14, .5,0.,1) 

A=-. 42 
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00  30  1=1,4 
F PN= 1 + ( 1-1 > ♦.  5 
8=1 +• 93 

30  CALL  NUM3ER!  A ,3,  . 14,F=>N,  0.  ,1> 

LA3EL  S^C  AXIS 

A = -»  75 

0 = 1. 

CALL  SYM3DL(A,3,.14,19HSFC  (L3  /HR)/(LG  >,90.,i9> 

A = - « o 8 
8=2. 14 

CALL  SYMB3L(A,B,.07,HM,90.,1) 

B=3 . 36 

CALL  SYMBOL!-. Cl, 1.42,. 07, 4HC0RR, 90. ,4) 

CALL  SYM90L(A,8,.07,HF,90.,1) 

READS  AMO  ^LOTS  DATA 

INSERT  OATA  CARDS  IN  FOLLOWING’  ORDER 

CARD  1 - ENTER  NUMBER  OF  SETS  OF  DATA 
CARO  2 - ENTER  HOUSING  A/R  SIZE 
CARD  3 - BLANK  CARO 

CARO  4 - ENTER  SYMBOL  "OR  NOZZLE  SIZE  "ROM  CAlCOMP  PL3TTE 
PAGE  45 

CARO  5 - ENTER  DATE  OR  LEAVE  BLANK 
CARO  6 - ENTER  A/R  NJM1ER  OR  LEAVE  BLANK 
CARO  7 - ENTER  NOZZLE  SIZE  IN  INCHES 
CARO  8 - ENTER  T !NrINlTY  IN  DEGREES  R 


GJIDEr 
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CARO 

9 - 

ENTER  3 

INFINITY 

IN  PSI 

CARO 

10 

- ENTER 

RUN  TIME 

DR  -cAVE  3L  A N< 

CARD 

11 

- ENTER 

NUMBER  Or 

DATA  POINTS  TO  BE  PLOTTED 

CARO 

12 

- BEGIN 

data 

34RAMlT£RS  ON  OATA  CARDS  ARE  THREE  DIGIT  FIXED-POINT  NUMBERS. 
THEY  ARE  SEPARATED  BY  A SINGLE  S=>ACE  AND  THE  FIRST  NUMBER 
3EGINS  IN  COIJMN  T WD,  THEY  4 RE  uISTED  IN  THIS  PROGRAM  IN  THE 
FOLLOWING  OROER:  P3,  PA,  35 , T3,  T4,  T5,  F/-,  THRJST , RPM, 

AN 0 WEIGHT  FLOW. 

READ* ,NSZT  S 
READ  100, IAR 
100  FORMAT  (A*) 

00  1 AO  1 = 1 , NSETS 
READ  11 0 , NSIZ 
110  FORMAT  l 4 ( / ) , A5 ) 

'reao*,tinf 

READ*  ,PINF 
THETA=TINF/516,7 
0ELTA=PINF/1A. 7 
READ  100, TIME 
READ  *,N 

120  FORMA  T (1014) 

00  130  J=1,N 

READ  PARAMETERS  ON  DATA  CARDS  AND  PERFORM  CALCULATIONS  FOR 
CORRECTED  SFC,  THRUST,  AND  RPM.  VALUES  ARE  CORRECTS  TO 
THE  TEMPERATURE  AND  PRESSURE  READ  ON  DATA  CARDS  3 AND  9 ABOVE. 


56 


non  ooooooo  ouo  o o o o ooo 


GAE/AE/76D-2 


READ  120, J 

CONVERTS  INCHES  ON  STRIP  R'ECOROER  TO  F/F  IN  '.3/HR  (CORRECTED) 

X (J) =Fl  04  T(J(m*.  27  03  3/  (DEL  TA*S3RT (T  HE  TU) 

NOTES  .27083  = (325/130)  (.75)  (HZ)  WHERE  (325/130)  = SLOPE 

OF  THE  CORRECTION  CURVE  FDR  THE  HOOEL  THM  - 005,  .75  = SPECIFI 
GRAVITY,  AND  1 INCH  = 20  HZ. 

CONVERTS  INCHES  ON  STRIP  RECORDER  TO  THRUST  (CORRECTED) 

Y(J)= FLOAT (J(8))*. 20/3  El TA 
COMPUTES  SFC 

f 

X ( J ) = X ( J)  / Y ( J ) 

CONVERTS  INCHES  ON  STRIP  RECORDER  TO  R3H  (CORRECTED) 

1 INCH  = 12000  RPM 

130  R(J) =FLOAT ( J( 9) ) *120. /S^RT (THETA) /1000, 

IDENTIFY  INDEX  NUMBERS  0"  SYH30L3  USED  IN  3'APH 
DO  8 3 0 J = 1 , 7 

IF( NOZSIZ ( J) • EQ. NSIZ)  IN0(I)=J 
800  CONTINUE 

DO  150  J = 1 , N 
XP=X ( J)  /.  5 
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RP=(R(J)-30.) /10. 

NS=NOZSYM (IMD  (I  ) ) 

150  CALL  SYM30L  ( RP , XP  , . 1 Z , N 5 . 0. » - 1 > 
CALL  PLOT (-5* i 0. * — 3 ) 

DO  150  J=l,'l 
YP= Y ( J) /25. 

RP= (R( J) -30. ) /10. 

150  CALL  SYMBOL  ( R°, YP , . 0 7 , MS , 0. , - 1 ) 
IFa.tQ.NStlTS)  SO  TO  140 
CALL  PLOT (6. , 0. ,-3) 

1 40  C ONT  I NU  £ 

3 JT  LEGoND  ON  GRAPH 

KK  = 1 

NSARA Y ( 1 ) = I NO  (1) 

DO  820  J=2,NSET$ 

DO  850  1=1, << 

IF(N$ARAY(I) • EO.INO(J) ) GO  TO  820 
350  CONTINUE 
KK=KK+1 

NSARAY(KK) =1 M D ( J ) 

320  CONTINUE 

DO  360  L =1 , 2 
A=4» 1 0 
9 = 1,8*. 

CALL  SYM30L(A,9,,07,.EG1,0.,13) 
9=9-. 25 

CALL  SYMBOL(A,9,,0r,.EG2, D.,14) 

K = 1 H- 
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A=4. 13 

3=1. 37 

AA  = 4. 23 

C=1 .34 

AB=4. 33 

DO  630  M=l,<< 

NS=NOZSYM<  NSARAY  (N)  > 

3.0  CALL  SYM33L(A,3,.0Z,NS,0.,-1> 

CALL  SYH30L(AA,C,.07,<,0.  , 1) 

CAlL  SYM30L(A3»C».QZ»N3ZSIZ(NSARAV(H))*r.,5) 
B=3- • 25 
C=C-. 25 

330  CONTINUE 

IF(L.EQ.l)  CALL  PLOT  ( 3.  , 0.  .-3) 

350  CONTINUE 

CALL  PLOT(10.  » 0.  ,-3> 

CALL  PLOTZ(N) 

STOP 

END 
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C 

C 

c 

fs 

s/ 

C 

V 

C 

*% 

c 

c 

r* 

L» 


PROGRAM  R=>M(IN?JT,  OUTPUT,  PLOD 


■ *+**■**+**  < 


•***♦*♦♦' 


♦ THIS  PROGRAM  PLOTS  CORRECTED  VALUES  Zr  PRESSURE  RATIj  ANO 

♦ WEIGHT  F.OW  VERSJS  R=M,  VALUES  OF  PRESSURE  RATIO  AR-_  RE  AO 

♦ FROM  THE  _ OWi R CJRVES  ON  THE  RIGHT  HAND  SCALu  AND  VA.JES  OF 

* WEIGHT  F.OW  FROM  THE  J°PER  CURVES  ON  THE  LEFT  HAND  SG ALE* 

* THE  PRESSURE  RA T I 0 'HE  I G HT  rLOW  OOOROlNATiS  ARE  THEN  INSERTEO 

* INTO  THE  PERF  PROGRAM  N HI  0 H WlL.  ORA*  LINES  OF  CONSTANT  R?M. 


******»*.»*»»  **«.*.**« 


REAL  X < 103 ) , Y < 1 JO)  , R(  100) 

INTEGER  U(1J) 

OIMENSI ON  L-Gl (2) , LEG2(2) 

INTEGER  NOZSIZ</),NDZSYN<7),IND(15> 
DIMENSION  NS A RAY  (15) 


IDENTIFY  NOZZLE  SIZES 


DATA  NOZSIZ/5H3  1/4, 5H3  1/8, 5H3  ,5H?  5/6, 

#5H2  1/2, 5H2  7/3, 5H2  3/4/ 

IDENTIFY  SYM30LS  USiO  IN  NDZZ-E  .EGENO  FROM  CALCOMP  GUIOE 

DATA  NOZSYM/O  ,2, ‘♦,5,5, 7,  11/ 

OATA  LEG1/10HLEGENO  - N,5HOZZLE/ 

DATA  LiG2/13HSIZ-  IN  IN,4HCHES/ 

CALL  PL  OT ( 0 . , 1 • , -3 ) 
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2 VJ,!S«  <>*c  axis 


00  60  1 = 1, 7 

60 

C Au  NU«Q--R(flfBflUf.3 

C NJ13ER  ,pN  Axts  50”1’ 

10  ®=^10-0.36 

t-  L NUM3£P  ( 5 q 

c C4LI- 

® WA  ,xi3 

8 = 7. 

X°(j  °G^  = 1°*  1?0,  io 

FpiJf-^.lOO,  P=7.65 

o’"  >u  „_ 

£ US^  ««  AXIS  ’’  ” 


61 


O O O O o o o 


GAE/AC/76P-2 


\ 


a=4. 

0 = 8. 

CALL  SYMBOH  A,0,.14,10W,  0.  ,1) 

C=A*. 14 
0=8-. 07 

CALL  SYMB9L(C,D,«Q7,30A  <CO**>,0.,3) 

C = A + • 63 

CALL  SYM30LIC,  3, .14,100  (.3  7MIN),0.,10> 
C=A+1.21 

CALL  SYMBOLIC,  0,.  07,  10",  0.  ,-l) 

CALL  SYMBOLIC, J,. 07, 10^,0.  , 1) 

LABEL  PRC  AXIS 

B=-i. 

CALL  SYM0OL(A,0,. 14,100, 0.  ,1) 

0=3-. 07 
C = A + • 14 

CALL  SYM30L(C,0,.07,9-RC  J CO*R > , 0 . , 0 > 
LABEL  RPM  AXIS 


A=-l, 

8 = 4.5 

CALL  SYMBOL(A ,3, ,14, 9 0R3  M <10,-90. ,9) 
B = 4 . 0 6 
As- 1, 07 

CALL  SYM30L(-.8d»3. 24, .07, 20-3,-90., 2) 
CALL  SYMBOL (A , 9 , . 0 7 , b 0 (C 0*R> ,-90., 5) 
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READS  A NO  PLOTS  DATA 

INSERT  OATA  CARDS  IN  FOLLOWING  ORDER 

CARO  1 - ENTER  NUMBER  1~  SETS  OF  OATA 
CARO  2 - ENTER  HOUSING  A / R SIZE 
CARO  3 - BLANK  CARO 

CARO  4 - ENTER  SYMBOL  FOR  NOZZL:.  SIZE  FROM  CALCOMP  PLOTTER  GJIOE, 
PAGE  R5 

CARO  5 - ENTER  DATE  OR  LEAVE  BLANK 

CARO  6 - ENTER  A/R  NJM3ER  OR  Le.AVE  BLANK 

CARO  7 - -NTiR  NOZZ.E  SIZE  IN  INCHES 

CARO  8 - ENTER  T INFINITY  IN  DEGREES  R 

CARO  9 - ENTER  3 INFINITY  IN  PSI 

CARO  10  - ENTER  RUN  TIME  OR  lEAVE  3LANK 

CARO  11  - ENTER  NUMBER  OF  OATA  POINTS  TO  BE  PLOTTED 

CARO  12  - BEGIN  OATA 

PARAMETERS  ON  OATA  CARDS  ARE  T'HREE  DIGIT  FPEO-POINT  NUMBERS. 

THEY  ARs.  SEPARATED  BY  A SINGLE  S3ACt  ANJ  THE  FIRST  NJM3ER 
BEGINS  IN  COLJMN  TWj.  THEY  ARE  -ISTED  IN  THIS  PROGRAM  I.N  THE 
FOLLOWING  ORDER:  P3,  P*,  D3 , T3,  TL,  TS,  F*F,  THRUST,  RPM, 

AND  WEIGHT  FLOW. 

READ*  ,NSETS 
READ  20  0 , I A R 
200  FORMAT  (A*) 

DO  2*0  1=1 , NSETS 
READ  21 0 , NSI Z 
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210  FORMAT  (4</),A*) 

READ*,TINP 
RtAD*  ,P1.*4- 
RE  A 0 200, rilE 
READ  * , N 

22C  FORMAT (1014) 

TH£TA=(TINF)  / 5 1 i« 7 
00  230  LSI, N 
C 

C R - A 0 PArAM-TERS  ON  OAT  A CARDS  AND  PERFORM  CALCULATIONS  FOR 
C CORRECTED  PkESSJRE  RATIO,  WEI CHT  FLOW,  AND  ;PM.  VALUES  ARE 
C CORRECT  iO  TU  HE  TEMPERA  T JRI  AND  PRESS  J RE  READ  ON  DATA  CARDS 
C 3 AND  9 ABOVE. 

C 

READ  220, J 

CONVERT  P 3 TO  INCHES  MEASURED  <3Y  STRI3  RECORDER 
X(L)=FLOAT(J(1))/100. 

CONVERT  WEIGHT  rLOW  TO  INCHES  MEASURED  3Y  STRIP  RECOROER 
Y(L)=FLOAT  t J C 1 0) )/100. 

COMPUTE  WEIGHT  rLCW  (UNC D RREC T EDI  - REr  FISHER 

Y(L)=111.24fS3Rr((PIN-*2,»Yl.))/(,+913*fINF)) 

NOTE  J 111.24  = ( 1.3353) (.  9325)  (S3) 
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COMPUTE  CORRECTED  WEI3-ir  r.0H 

Y (L)  = (It.  7 *Y  ( L ) *SQRI  ( T INF/ 51 3. 7) ) / (PIN") 

CDNVtRT  TO  PRESSURE  (1  INCH  = 10  PSI)  ANO  COMPUTE  PRC  CORRECTED 
X (L ) = <X(L)*10.+  PINF)/PINF 
COMPUTE  CORRECTED  RPM 

? 30  R(L)=FLOAT(J(9))*120.7  3DRr<rM-TA)/'1000. 

IDENTIFY  INDEX  MJ^SERS  D"  SYMBOLS  USED  IN  -R3END 

« 

DO  50  0 J = 1 , r 

IF(NOZSIZ ( J) . EQ. NSIZi  IND(I)=J 
800  CONTINUE 

NS=NOZSYM (I  4 □ ( I » ) 

OO  250  J = 1,N 
RP=-(R( J) -90.  > /10. 

XP= (X  CJJ-l.  ) f . 5 

250  CALL  SY,M8JL(XP,RPf . 1 + , N S, -90.  ,-l) 

DO  26  0 J=1  , 4 
RP=- ( R ( J) -90. ) /10. 

YP= ( Y (J)-l 0. ) / 10. 

250  CALL  SYMBJL(  YP,RP,.  14, NS, -90.  ,-l> 

240  CONTINUE 
K=H- 
A= 1 0 • 7 
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B=o.  5 

CALL  SrM30L(A,3,.l‘*f_ESl,-90.  ,1b) 

A=1Q.  1 

CALL  SYr13JL(A,9,.14,_LG2,-9a.,l4) 

KK=1 

NSARAY(l)  =IO(l> 

00  » 2 0 J=2,NSET5 
00  830  1=1, « 

IF(NSARAY (I) • EQ.INO(J) ) GO  TO  320 
350  CONTINUE. 

KK=K<+1 

NSARAYCKO  = I N 0 ( J ) 

820  CONTINUE 
A=9. 47 
9 = 0 • 4 3 
AA=9.4 
C=6.23 
0=6.03 

00  340  L=l,<< 

NS=N02SYM ( N 3 A R A Y (L) ) 

CALL  SYM90L(A,3,#14,N5,“90.,”1) 

CALL  SY49jL< A A ,3 It , <,-93. , l > 

CALL  SYMBOL  < A A, 0,.  It , NOZSIZTNSARAf  <L> ), • 90. ,5) 
A=A-1. 

AA=AA-1. 

340  CONTINUE 

CALL  PLOT ( 1*. , 0. ,-3) 

CALL  FLOT£(\l) 

STOP 

ENO 
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Appendix  B 


Plots  For  Determining  Lines  Of  Constant  RPM 


This  appendix  contains  the  crossplots  of  air  flow 
and  pressure  ratio,  each  versus  RPM  for  each  of  the  three 
turbine  housings  tested  (Figs.  21  through  26).  Since  the 
pressure  ratio  is  a linear  function  of  the  RPM,  lines  of 
constant  RPM  will  appear  in  Figs.  3,  4,  and  5 as  a hor- 
izontal line.  These  plots  are  used  both  to  obtain  an 
estimate  of  the  operating  RPM  in  Figs.  3,  4,  and  5 and 
as  a check  on  the  data  since  any  deviation  from  the 
linear  plot  is  easily  detected. 


' '(COM)' 


Fiq.  21  RP.M  Crossplot  for  1.32  A/R  Fousinq 
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Appendix  C 
Test  Data 


This  appendix  contains  all  the  data  recorded  and 
presented  in  the  results  section.  They  are  listed 
sequentially  by  test  run  number. 

Design at  ion 

The  I designation  denotes  a fully  instrumented  test 
run.  The  dash  number  refers  to  the  number  in  a series 
of  runs  with  the  same  nozzle.  For  example,  1-14-1  is 
the  first  run  of  a series  with  an  A/R  of  1.32  and  a 3 
inch  nozzle;  1-14-2  is  the  second  run  of  the  series. 

The  same  series  may  also  be  run  on  two  different  days. 

A run  consists  of  at  least  a start,  sustained  idle  with 
at  least  one  steady-state  data  point,  and  a shutdown. 

A slash  between  two  numbers  indicates  a combined  run 


with  no  shutdown  between  them,  usually  an  idle  test  and 
profile  run.  A letter  following  the  dash  number  indicates 
a repeat  of  the  same  profile. 

Coding 

Data  have  been  read  from  the  strip  chart  to  the 
nearest  hundredth  of  an  inch  and  were  coded  without  the 
decimal  point  for  ease  of  data  handling  and  storage  on 
card  decks  in  ten  columns  of  three  digit  numbers  each. 

All  data  is  then  read  into  whatever  program  is  desired 
and  the  specific  variables  required  in  a computation  are 
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simply  called  by  column  number.  Thus  column  1 and  10 
would  be  called  to  plot  Prc  and  Wa  . This  data  recording 
and  storage  scheme  is  very  convenient  for  manipulating 
the  data,  especially  since  there  are  a number  of  other 
possible  combinations  available  for  analysis,  such  as 
fuel  flow  versus  RPM,  Prc  versus  thrust,  Prc  versus  SFC, 
etc.  See  appendix  A for  performance  programs. 

Invalid  Data 

Some  of  the  data  was  obviously  erroneous  due  to  sen- 
sor or  recording  equipment  malfunction  and  was  excluded 
from  the  data  or  was  included  in  the  data  but  excluded 
from  the  results.  In  particular,  the  portion  of  the 
Potter  Model  THM-005  correction  curve  shown  in  Fig.  27 
is  non-linear  below  approximately  40  Hz.  Therefore, 
values  of  fuel  flow  below  approximately  2 inches  on  the 
strip  recorder  (corresponding  to  40  Hz)  were  not  plotted 
in  Figs.  6 through  17.  This  accounts  for  the  behavior 
of  some  of  the  SFC  curves  which  either  slope  too  steeply 
or  fail  to  increase  at  low  flow  rates. 


Fig.  27  Potter  Model  TFM-005  Fuel  Flow  Correction  Curve 
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T : ST  RUN  I-  7 


DAT':  : 3 DDT  ’3 

ARI  1. 7 

N0?7Lr:  2 7 / % I 'i 
TEMP!  37  DEG  r 

PRESS:  14.41  pn 

TIME:  330  SEC 


DATA  POINT 

®3 

=>4 

P5 

T 3 

TV 

T5 

F/F 

- N 

RPM 

HA 

1 

1 2 : 

202 

43 

220 

367 

313 

70 

170 

305 

258 

? 

160 

232 

69 

252 

420 

3F0 

140 

225 

339 

338 

3 

130 

305 

30 

275 

4 3 5 

3 54 

216 

270 

358 

391 

4 

19  5 

330 

90 

290 

452 

376 

258 

296 

370 

416 

5 

19  3 

323 

90 

290 

V53 

330 

250 

295 

369 

410 

6 

20  * 

344 

95 

299 

+ 63 

338 

295 

710 

376 

42  8 

7 

213 

370 

106 

312 

+ 30 

400 

325 

335 

368 

440 

3 

193 

330 

90 

294 

450 

3J  1 

2 5 7/ 

299 

369 

415 

9 

176 

294 

78 

276 

422 

365 

210 

*35 

352 

378 

10 

1:5 

253 

65 

260 

395 

35  4 

172 

230 

3 35 

332 

li 

115 

139 

43 

214 

373 

324 

50 

150 

295 

240 

77 
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T'ST  RUN  I-  9 


DATE! 

3 HCT  75 

AR! 

1.7 

NOZZL  r ! 

2 3/4  IN 

TEN°  *• 

57  DEG  F 

PRESS ! 

14,41  PSI 

TINE  i 

177  SEC 

DATA  pDTNr 

P3 

3 4 

P5 

1 

104 

159 

47 

? 

133 

226 

68 

3 

130 

151 

45 

T 3 

T 4 

T 5 

F/r 

-N 

RPM 

WA 

135 

411 

32  0 

5 

145 

280 

30 

221 

479 

3'  4 

130 

?0  0 

316 

29 

195 

380 

3 28 

5 

130 

279 

23 

78 
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T " 5 T RUN  I-  9 


DATE:  3 OCT  78 

API  1.7 

N07ZL:t  7 5/*  TN 
TEMP  * V OZG  F 
PPESpJ  1!».«*1  PS  I 
TIME!  7 T SEC 
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TrST  RUN  I-  10-2 


OflTEt  3 HCf  75 

AP.  t 1.7 

NOZZLE  3 IN 

TEMPt  74  IE G F 

PR£SC!  14.30  PSI 
TIHE t 575  SEC 


OATA  POINT 

P3 

34 

P5 

T 3 

T* 

*5 

F/F 

r N 

RPM 

W A 

1 

151 

250 

52 

241 

332 

2'5 

280 

200 

416 

345 

? 

175 

2 95 

62 

266 

349 

315 

350 

2 40 

442 

401 

7 

189 

313 

71 

280 

360 

377 

375 

355 

456 

430 

4 

195 

331 

75 

291 

375 

375 

390 

279 

465 

445 

c 

210 

356 

84 

304 

351 

3 *4 

410 

306 

480 

454 

5 

227 

337 

93 

325 

412 

3'.  5 

449 

335 

499 

490 

7 

240 

411 

101 

340 

423 

3 3 0 

474 

351 

511 

50  5 

8 

250 

429 

110 

353 

45  ♦ 

3 11 

500 

390 

521 

518 

q 

260 

443 

116 

368 

499 

405 

525 

398 

531 

530 

in 

131 

220 

43 

230 

340 

300 

241 

192 

393 

294 
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TEST  RUN  I-  11-? 


OATE!  3 OCT  75 

ARJ  1.7 

NOZ7L r t 3 1/8  IN 
TE9PJ  7 4 TEG  F 
PRES?  * 14,30  PSI 

TIMEl  507  SEC 


OATA  POINT 

P3 

= 4 

P5 

T 3 

T 4 

V 5 

F/F 

FN 

RPM 

MA 

1 

151 

245 

37 

245 

350 

2?  6 

? 5 6 

192 

420 

378 

2 

171 

234 

46 

269 

363 

310 

300 

222 

444 

427 

T 

190 

315 

54 

287 

38? 

3 1 0 

349 

250 

465 

455 

'4 

205 

340 

60 

306 

395 

3E5 

79? 

275 

480 

495 

5 

223 

372 

70 

322 

420 

3L  0 

419 

307 

498 

530 

5 

234 

391 

75 

338 

439 

3C  0 

437 

324 

509 

545 

7 

242 

405 

79 

345 

451 

758 

455 

339 

519 

55  0 

8 

248 

419 

81 

352 

465 

3L5 

4 5 9 

348 

523 

573 

9 

255 

429 

35 

360 

480 

370 

430 

350 

530 

578 

10 

240 

401 

78 

346 

461 

3 -*0 

442 

338 

513 

5 5 5 

11 

225 

374 

70 

331 

440 

r-9 

419 

315 

500 

530 

1? 

206 

340 

61 

310 

412  ' 

331 

330 

23  3 

480 

490 

13 

187 

305 

52 

290 

395 

3 i 9 

331 

250 

459 

450 

1'4 

159 

259 

40 

261 

371 

3 11 

259 

238 

430 

390 

15 

133 

214 

30 

240 

351 

2 1 

221 

171 

400 

321 

81 
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DATE  I 3 OCT  75 

ARt  1.7 

N07ZL” t 3 1/4  IN 
TEMPI  7+  9EG  F 
PRESS  1 14.30  PSI 

TIMEt  400  SEC 


OATA  ° 0 1 N T 

P3 

^4 

P5 

T 3 

T ♦ 

"5 

F/F 

- N 

RP*i 

HA 

1 

158 

252 

26 

260 

371 

21  0 

240 

195 

430 

409 

2 

188 

303 

36 

289 

391 

2 n 

295 

225 

461 

434 

3 

203 

334 

41 

306 

4 03 

301 

337 

250 

480 

521 

4 

215 

354 

47 

313 

419 

31  0 

377 

258 

491 

545 

5 

227 

375 

50 

331 

435 

3 '1 

400 

295 

502 

559 

6 

240 

399 

55 

349 

45  + 

3:  2 

422 

305 

519 

590 

7 

251 

419 

50 

360 

464 

3-3 

4 4 9 

324 

530 

512 

9 

261 

439 

53 

375 

481 

3‘.;6 

470 

340 

541 

534 

9 

2 36 

399 

53 

349 

450 

373 

414 

304 

514 

539 

10 

220 

350 

49 

331 

430 

3 21 

390 

291 

499 

55  0 

11 

210 

342 

44 

320 

421 

3 .3 

35  0 

25  7 

489 

533 

1? 

LOO 

329 

40 

313 

412 

310 

324 

2 5 5 

480 

511 

13 

171 

278 

31 

279 

390 

290 

250 

212 

447 

447 
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TEST  RUN  I-  13-1/2 


DATE! 

3 OCT  75 

AR« 

1.  7 

NOZZL “ ! 

? 7/8  IN 

TEMPI 

7 4 DEE,  F 

PRESS* 

14.30  PSI 

TIME  t 

235  SEC 

DATA  POINT 

P3 

3 4 

P5 

T 3 

T 4 

’ 5 

F/F 

-n 

RPM 

WA 

1 

134 

217 

50 

241 

420 

31  7 

239 

193 

401 

293 

? 

151 

249 

60 

252 

440 

3 <2 

279 

212 

421 

322 

3 

171 

294 

71 

271 

467 

3;  0 

340 

250 

441 

360 

'4 

140 

225 

62 

241 

411 

3?  0 

250 

200 

407 

291 

5 

170 

290 

70 

270 

431 

3-30 

332 

245 

440 

352 

5 

132 

215 

50 

240 

405 

3;  9 

225 

139 

400 

278 

7 

120 

190 

41 

221 

390 

320 

201 

157 

380 

251 

83 
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Tr  ST  RUM  I-  14-1 


Oft TE J 3 OCT  75 
ftRt  1.32 

N077L"t  3 IN 

TEMP:  7*  OEG  F 

PRZSP!  14.35  PSI 
TIME:  125  SEC 


DAT  ft  °OTMT 

P3  ° + 

P5 

T 3 

1 

222  329 

60 

330 

T4 

•>3  F/F 

r N RPM 

WA 

353 

220  235 

?*7  495 

450 
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TrST  *UN  I-  14-? 


DATE!  3 DC T 75 
AR!  1.3? 

N0Z7Lr  ! 3 IN 

TEMP!  7 + PEG  F 

PRESS!  IV. 30  PSI 
TIME!  105  SEC 


DATA  POINT 

f 3 =>4 

P5 

T 3 

T* 

T5 

F/F 

r N *PM 

WA 

1 

? 3 3 410 

67 

346 

361 

307 

3 ? 3 

27  0 5 09 

454 
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TEST  RUN  I-  14-3 


OATEt 

3 DC  1 7 5 

ARI 

t.  3? 

NOZ7L r t 

3 IN 

T E N ° t 

73  DEG  F 

PRESSt 

14.^3  psi 

TINES 

330  SEC 

DATA  =>OINr 

P 3 

34 

P5 

T 3 

T 4 

'5 

F/F 

'N 

RPM 

WA 

1 

239 

415 

67 

350 

370 

3T2 

349 

2^0 

511 

4 59 

•> 

254 

444 

76 

371 

397 

3 25 

375 

299 

530 

495 

3 

26  2 

450 

30 

381 

■♦15 

335 

331 

313 

540 

510 

4 

277 

4 5 2 

38 

397 

0 

3^0 

413 

336 

550 

529 

5 

267 

453 

32 

389 

0 

3*1 

334 

320 

542 

515 

5 

226 

391 

64 

346 

0 

3.3 

300 

255 

500 

450 

: 
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TEST  RUN  I-  14-4 


OATrJ  3 DC  T 75 
AR!  1.3? 

N0Z7L : l 3 IN 

TEHOt  73  DEG  - 
PRESS!  14.30  P3I 
TINE » 3 3 7 SEC 


DATA  =>0IN  f 

P3 

34 

P5 

T3 

T 4 

T5 

F/F 

fn 

RPM 

HA 

1 

22  3 

339 

60 

33  0 

360 

295 

290 

252 

498 

♦ 42 

2 

279 

412 

68 

351 

391 

311 

3D8 

? 75 

512 

469 

3 

248 

431 

72 

370 

♦ 07 

32  4 

365 

392 

525 

431 

4 

260 

455 

80 

380 

♦ 23 

334 

387 

310 

438 

504 

5 

270 

4 7 4 

84 

391 

470 

345 

404 

328 

546 

520 

S 

278 

430 

37 

400 

0 

351 

414 

338 

551 

527 

7 

25  0 

431 

80 

375 

0 

350 

4 0 5 

322 

529 

494 

0 

240 

411 

76 

360 

0 

341 

380 

335 

515 

♦ 30 

9 

230 

397 

71 

350 

0 

335 

363 

290 

508 

♦ 55 

10 

224 

331 

70 

342 

0 

371 

35  4 

? 3 0 

500 

450 

It 

211 

350 

61 

330 

0 

322 

3?? 

251 

488 

430 

1* 

icq 

337 

57 

316 

0 

316 

284 

243 

472 

♦ 10 

17 

185 

311 

50 

300 

0 

30  7 

250 

222 

460 

379 
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Tr ST  RUN  I-  15-1 


0ATF1  3 DC T 75 
ARJ  1.3? 

NOZZLE!  ? 7/3  IN 
TEMPI  7 3 DEC,  F 
PRECSt  14. -*0  PSI 
TIMES  230  SEC 


DATA  pDT‘jr 

P3 

*4 

P5 

T 3 

T 4 

5 

F/F 

r N 

RPM 

W A 

t 

206 

354 

65 

315 

570 

3)3 

240 

239 

479 

390 

? 

226 

394 

77 

335 

510 

320 

335 

270 

500 

419 

3 

212 

370 

71 

328 

571 

3 .’0 

279 

255 

489 

400 

8P 
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TEST  RUN  I-  15-1/2 


OATr t 4 OCT  ?5 
ARI  1 • 3? 

NOZZL E t ? 7/8  IN 
TE9PJ  7V  7EG  P 
PRESSt  14.30  PSI 
TIME*  330  SEC 


DATA  POINT 

r 3 

34 

P5 

T 3 

TV 

T5 

P/P 

PN 

RPM 

HA 

i 

236 

425 

94 

327 

550 

333 

3 V 9 

295 

511 

V5  0 

? 

2?7 

452 

106 

349 

597 

355 

395 

326 

530 

490 

7 

272 

490 

115 

366 

619 

3 7? 

V 3 0 

350 

547 

500 

'4 

284 

511 

122 

379 

642 

338 

4 5 V 

370 

559 

512 

t; 

2‘  0 

523 

128 

39  2 

0 

401 

442 

393 

5 65 

513 

5 

273 

492 

113 

379 

3 

336 

397 

358 

550 

495 

7 

25  9 

457 

110 

361 

0 

3^2 

3 5 5 

339 

537 

400 

' 8 

245 

439 

100 

341 

3 

350 

317 

313 

519 

456 

89 
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TEST  RUN  I-  13-2 

DATE! 

5 OCT  75 

AR! 

It  32 

NOIZl_r  t 

2 3/4  IN 

TEH3: 

7*  DEG  F 

PRES*! 

14.25  PSI 

TIH“! 

300  SEC 

OATA  POINT 

»3 

34 

P5 

T 3 

T 4 

r5 

F/c 

r N 

RPM 

WA 

1 

205 

337 

91 

282 

*+35 

3 59 

200 

257 

470 

351 

2 

233 

420 

113 

320 

470 

3/8 

300 

33  8 

500 

390 

3 

218 

399 

102 

310 

450 

359 

227 

292 

485 

358 

4 

207 

359 

95 

298 

435 

3 '» 0 

199 

256 

473 

*59 

3 

190 

340 

35 

264 

419 

3*7 

159 

242 

459 

325 

5 

171 

335 

74 

265 

400 

3 39 

111 

217 

440 

295 

7 

154 

277 

54 

25  2 

333 

3?2 

7 0 

134 

421 

2 55 

9 

14  3 

255 

58 

240 

363 

312 

24 

175 

403 

240 

9 

128 

229 

50 

229 

350 

305 

0 

151 

389 

212 
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TrST  RUM  I-  19-1/2 


OATcl  5 OCT  75 

AR:  1.32 

M0Z7L-S  3 1/1  IN 
TEMP:  7 4 DEG  F 

PRESC  t 14.75  PST 
TIME:  337  SEC 


DATA  POlur 

P3 

=>4 

P5 

T 3 

T4 

’ 5 

F/F 

rN 

RPM 

WA 

1 

214 

379 

48 

299 

351 

275 

113 

??8 

488 

453 

? 

243 

429 

59 

327 

33  5 

245 

155 

256 

517 

513 

3 

265 

465 

67 

349 

403 

3.M 

207 

397 

5 37 

55  6 

4 

286 

5 0 4 

75 

370 

443 

329 

231 

328 

558 

5 3 5 

5 

298 

527 

80 

388 

465 

3 >0 

375 

348 

569 

510 

5 

306 

543 

35 

400 

497 

3:0 

35  5 

350 

576 

512 

7 

294 

520 

30 

389 

4 6 5 

3 *3 

322 

346 

5 65 

500 

8 

7 81 

497 

74 

378 

4 35 

3’5 

270 

329 

555 

535 

9 

265 

4 55 

67 

360 

411 

3’2 

223 

705 

5 3^ 

553 

1 0 

25  3 

4 4 5 

62 

348 

399 

315 

195 

290 

523 

534 

11 

240 

420 

58 

332 

385 

3 il  5 

152 

270 

512 

507 

1? 

225 

392 

51 

320 

353 

2 36 

173 

249 

497 

490 

91 


GAE/AE/76E-2 


TEST  RUN  I-  20-1/2 


DATE* 

ARJ 

N072Lrt 

TEMP: 

PRESS: 

time: 


5 22'  75 
1.  32 

3 1/4  IN 
74  TEG  F 
14.25  PSI 
250  SEC 


DATA 


POINT 

P3 

’4 

P5 

T3 

T 4 

T5 

F/F 

FN 

RPM 

WA 

1 

240 

418 

41 

322 

372 

2"'  1 

130 

240 

511 

532 

2 

259 

452 

46 

342 

3 54 

2°  4 

’21 

255 

532 

570 

TJ 

270 

47? 

50 

356 

404 

2 92 

750 

’.5  0 

543 

593 

4 

283 

495 

54 

375 

420 

315 

298 

301 

560 

518 

F 

294 

519 

58 

387 

4 35 

3'  3 

330 

319 

568 

530 

6 

309 

544 

62 

400 

467 

324 

378 

338 

582 

555 

7 

299 

525 

60 

400 

■»72 

3"3 

350 

328 

575 

5 5 0 

8 

290 

509 

58 

390 

455 

3:  9 

319 

315 

5 66 

530 

9 

279 

459 

52 

372 

445 

309 

259 

300 

552 

508 

92 


GAE/AE/76D-2 


T-ST  RUN  I-  21-1 


DATE! 

ARI 

NOZZLrs 

TEMPS 

PRESS! 

TINE! 


5 OCT  75 
1*  5 

? 7/8  IN 
5 5 0 E G F 
lit. 25  PSI 
200  SEC 


DATA  °OINr 

P3 

3 4 

P5 

T 3 

T 4 

”5  F/F 

r N RPM 

WA 

1 

170 

290 

63 

241 

357 

?r  9 0 

220  430 

311 

I 

* 

1 


93 


* 


I 


GAF/AE/76D-2 


TEST  RUN  I-  21-2 


DATE:  5 OCT  75 

AR*  1,5 

NOTZl c t 2 7/8  IN 
TEMPI  55  OEG  F 
PRESS*  IV • 25  PSI 
TIME*  450  SEC 


DATA  °OINr 

P3 

3 4 

P5 

T 3 

T4 

"5 

F/F 

rN 

RPM 

WA 

1 

120 

203 

41 

193 

329 

2:  9 

0 

142 

372 

213 

? 

147 

251 

54 

218 

353 

231 

0 

131 

405 

256 

3 

166 

295 

64 

232 

359 

291 

0 

211 

427 

300 

4 

182 

312 

73 

251 

373 

3')  6 

0 

238 

447 

332 

5 

204 

350 

86 

269 

389 

320 

0 

270 

465 

371 

& 

215 

353 

93 

279 

399 

3 JO 

3 

292 

4 75 

330 

T 

231 

395 

104 

294 

415 

3*6 

0 

320 

492 

405 

8 

241 

414 

110 

309 

V 3 3 

3 5 0 

0 

340 

503 

430 

9 

269 

45? 

130 

332 

45  9 

338 

0 

399 

530 

354 

10 

295 

511 

150 

361 

500 

420 

n 

4 40 

555 

374 

11 

253 

435 

120 

333 

451 

339 

0 

372 

519 

339 

12 

24  0 

410 

111 

316 

433 

378 

0 

3 48 

503 

325 

13 

228 

339 

103 

303 

419 

355 

0 

323 

491 

311 

11* 

212 

350 

93 

238 

401 

35 1 

0 

299 

475 

295 

15 

200 

339 

35 

272 

332 

3 *5 

0 

272 

461 

272 

15 

171 

292 

70 

250 

363 

3 70 

0 

230 

435 

240 

17 

150 

2 5 5 

58 

231 

351 

3 ) 4 

0 

196 

411 

214 

94 


i 

I 


GAE/AE/76D-2 


T-ST  RUN  I-  22-1/2 


DAT'S  3 OCT  75 

ARS  1.5 

N0Z71ES  3 IN 

TEMP t 5 5 TEG  F 
PRESS*  14.25  PSI 
TIMES  450  SEC 


OATA 


POINT 

P3 

34 

P5 

T 3 

T4 

r 5 

E/r 

r N 

RPM 

W A 

1 

162 

279 

51 

230 

340 

274 

0 

197 

426 

245 

•> 

1 89 

320 

62 

253 

752 

290 

0 

235 

452 

233 

3 

208 

351 

71 

270 

370 

TOO 

0 

354 

470 

310 

4 

224 

330 

31 

285 

331 

31  3 

0 

292 

458 

330 

5 

231 

332 

85 

296 

339 

371 

0 

305 

495 

340 

3 

2 47 

4?n 

94 

311 

403 

7”  5 

n 

331 

511 

3 54 

7 

255 

433 

99 

321 

-►11 

3 -4 

0 

345 

520 

370 

3 

2 63 

430 

103 

329 

421 

3.<  4 

0 

350 

5 29 

390 

9 

269 

451 

108 

338 

430 

35  0 

0 

371 

533 

384 

10 

281 

431 

115 

348 

444 

372 

0 

391 

544 

398 

It 

289 

495 

120 

353 

459 

3W0 

n 

406 

552 

399 

1? 

710 

5 35 

135 

331 

503 

40  9 

5 

449 

573 

412 

13 

293 

5 04 

123 

365 

451 

393 

0 

420 

557 

400 

14 

283 

436 

118 

358 

45  0 

35  5 

0 

*+04 

549 

392 

15 

264 

450 

105 

340 

429 

3*0 

0 

370 

530 

358 

13 

256 

434 

100 

330 

412 

3:>l 

0 

357 

321 

359 

17 

243 

412 

93 

315 

402 

3 '-  9 

0 

334 

508 

345 

1? 

222 

377 

82 

299 

332 

332 

0 

299 

483 

321 

13 

208 

343 

73 

281 

363 

320 

0 

271 

470 

301 

20 

210 

356 

77 

279 

373 

319 

0 

278 

475 

306 

95 


GAE/AE/76D-2 


T ~ 5 T RIJN  I-  23-1/2 


date:  5 OCT  75 

ARI  1.5 

N077L r * 3 1/9  IN 
TENP:  55  DEG  F 

PRESS:  14.25  PSI 

TINE:  525  SEC 


OATA  °OINr 

P3 

34 

P5 

T 3 

T 4 

v * 

p 

F/r 

r N 

RPM 

WA 

1 

230 

359 

66 

296 

770 

2f  4 

C 

231 

498 

360 

2 

240 

4 0 5 

70 

305 

377 

35  5 

0 

299 

508 

378 

3 

255 

430 

76 

319 

299 

3:  3 

0 

320 

521 

391 

4 

264 

4 '4  9 

80 

330 

400 

3;  6 

0 

337 

531 

408 

5 

275 

465 

95 

339 

412 

7 7g 

0 

351 

540 

4 20 

5 

237 

395 

70 

303 

372 

3;  0 

0 

333 

504 

370 

7 

261 

439 

01 

323 

397 

3 -•  9 

0 

257 

5 29 

393 

9 

278 

4 5 9 

89 

341 

417 

341 

0 

351 

5 42 

419 

3 

290 

493 

94 

353 

431 

353 

0 

330 

556 

426 

10 

302 

512 

100 

370 

4 45 

3 55 

0 

400 

569 

435 

11 

307 

522 

105 

379 

452 

3 ’3 

0 

410 

572 

446 

12 

321 

550 

111 

392 

459 

7 37 

0 

438 

589 

450 

17 

341 

559 

124 

412 

495 

409 

3 

471 

606 

431 

1* 

316 

539 

110 

39? 

46? 

3 05 

0 

430 

581 

5 5 8 

15 

304 

515 

102 

38  0 

447 

3 ’5 

0 

410 

570 

435 

15 

290 

490 

95 

365 

431 

365 

0 

337 

559 

420 

17 

272 

450 

97 

350 

411 

3^9 

0 

750 

540 

404 

17 

253 

425 

79 

330 

391 

374 

0 

329 

521 

332 

19 

225 

373 

65 

301 

365 

3 1 3 

0 

231 

491 

343 

20 

211 

350 

50 

284 

355 

302 

0 

250 

478 

329 

96 


GAE/AE/76D-2 


TEST  RUN  I-  24-1/2 


OATF:  5 OCT  75 

AR  t 1.5 

NOZ7Lr!  3 1/4  IN 
TEH° ! 55  OEG  F 

P»ESSt  14, ?5  PSI 
TIHEJ  530  SEC 


DATA  POINT 

P3 

=>4 

P5 

T 3 

T4 

75 

F/F 

~N 

RPM 

WA 

1 

263 

<♦'♦1 

61 

331 

390 

31  5 

0 

31  0 

531 

415 

2 

277 

454 

65 

341 

390 

3 .4 

0 

330 

543 

440 

3 

287 

433 

70 

355 

402 

3 '-'4 

0 

345 

555 

452 

4 

300 

519 

75 

366 

419 

3 ? 4 

0 

356 

5 6 8 

454 

5 

331 

564 

89 

401 

450 

3c  5 

n 

410 

596 

498 

5 

351 

632 

96 

431 

495 

0 

0 

450 

615 

510 

336 

575 

90 

416 

470 

?-•  9 

0 

428 

605 

508 

5 

323 

5 5 0 

85 

402 

445 

35  7 

0 

409 

592 

496 

9 

310 

521 

30 

390 

*30 

355 

0 

339 

578 

47  5 

to 

287 

490 

71 

362 

393 

335 

0 

353 

556 

450 

n 

266 

444 

62 

345 

38  7 

3'  0 

0 

32  2 

537 

425 

12 

245 

439 

55 

321 

365 

3 0 5 

0 

310 

515 

400 

13 

264 

441 

62 

332 

381 

3 1 6 

0 

319 

534 

420 

97 


GAF/AE/76P-2 


T"ST  RUN  I-  23-1/2 


DATE*  6 DZT  76 

AR  .*  1.5 

N07ZLr*  3 1/4  IN 
TEMPI  55  TEG  c 
PRESSl  14.25  PSI 
TI ME  > 432  SEC 


OATA  POINT 

P3 

=>4 

P5 

T 3 

T 4 

"5 

F/F 

fn 

RPM 

WA 

1 

161 

3 L 5 

96 

249 

403 

3?  6 

0 

256 

441 

210 

•> 

2 0 3 

355 

111 

263 

4 33 

339 

0 

297 

463 

231 

7 

217 

390 

122 

279 

443 

3;' 5 

0 

321 

476 

241 

4 

233 

411 

137 

294 

+ 69 

3*0 

0 

358 

491 

256 

5 

250 

440 

149 

309 

49  4 

3 55 

0 

334 

509 

269 

e, 

224 

339 

129 

290 

452 

3 VI 

0 

337 

482 

244 

7 

203 

352 

111 

273 

429 

3 ’9 

0 

300 

463 

2 2 3 

5 

192 

333 

103 

267 

417 

3'-l 

0 

290 

453 

215 

3 

175 

305 

92 

250 

393 

323 

0 

251 

436 

20  0 

10 

161 

279 

61 

240 

369 

313 

0 

229 

420 

135 

11 

14^ 

253 

72 

225 

372 

3’’0 

0 

295 

405 

169 

1? 

132 

223 

63 

209 

352 

2 36 

0 

131 

357 

152 

IT 

117 

200 

53 

195 

340 

2^3 

0 

157 

369 

132 

14 

102 

173 

46 

162 

323 

230 

n 

133 

346 

117 

98 


GAF/AE/76D-2 


TrST  RUN  I-  25-1/2A 


OATFS 

AR! 

N077L  r t 
TEMPt 
PRES Ft 
THE! 


5 o:n  75 

1 • 5 

3 1/4  IN 
55  TEG  F 
14.75  PSI 
244  SEC 


POINT 

P3 

34 

P5 

T 3 

T 4 

'5 

F/F 

F N 

RPM 

W A 

1 

82 

133 

33 

158 

332 

2r  5 

0 

39 

318 

99 

7 

122 

211 

55 

192 

370 

3V1 

0 

130 

379 

151 

3 

140 

240 

65 

204 

332 

370 

0 

153 

395 

171 

4 

160 

2 77 

80 

223 

400 

3 52 

0 

213 

420 

197 

c 

181 

315 

96 

242 

413 

3*8 

ft 

252 

442 

220 

5 

198 

3 40 

105 

259 

4 33 

3,2 

0 

279 

453 

233 

? 

239 

413 

138 

298 

430 

410 

0 

357 

497 

271 

GAE/AE/76D-2 


T-ST  RUN  I-  26-1/2 


HATES  7 OCT  76 

APJ  1.5 

NO*7Lr»  2 7/6  IN 
TEM°  t 50  HER  F 

PRESS?  14.35  PSI 
TIMES  550  SEC 


DATA  rDTNF 

P3 

3 4 

P5 

T 3 

T 4 

T5 

F/F 

-N 

PPM 

WA 

1 

199 

340 

80 

271 

380 

30  0 

233 

255 

455 

+ 10 

2 

178 

305 

70 

25  9 

360 

29  5 

250 

234 

436 

372 

3 

229 

395 

101 

312 

430 

3-5 

356 

323 

490 

457 

V 

242 

420 

110 

330 

44  3 

366 

393 

348 

500 

43  0 

5 

257 

447 

120 

350 

457 

3' 5 

431 

374 

515 

500 

5 

270 

459 

130 

365 

473 

3-!0 

454 

794 

529 

511 

7 

270 

439 

137 

375 

4 3 5 

4)1 

48- 

415 

536 

525 

B 

561 

459 

125 

360 

46  3 

3 >7 

45  0 

339 

520 

507 

9 

250 

431 

118 

346 

*♦49 

375 

413 

337 

509 

436 

10 

229 

394 

103 

326 

420 

4^9 

35  5 

330 

489 

4 5 5 

11 

216 

372 

95 

315 

409 

3-9 

340 

3 D 9 

475 

4 35 

1* 

138 

320 

73 

281 

371 

3 25 

234 

256 

446 

330 

IT 

170 

292 

69 

264 

360 

314 

250 

230 

430 

350 

1U 

145 

243 

54 

238 

3 33 

299 

218 

139 

403 

295 

15 

175 

300 

70 

26  3 

360 

313 

236 

235 

4 35 

356 

100 


GAE/AE/76D-2 


OAT=-  * 7 OCT  75 

AR 1 1.5 

N07ZLr«  3 IN 

TEMPI  50  9EG  F 
PRESS  t 14.35  PSI 
TIME*  400  SEC 


TEST  RUN  J-  27-1/2 


POINT 

P3 

34 

P5 

T3 

T4 

75 

F/r 

r N 

RPM 

WA 

1 

235 

405 

88 

323 

405 

3 '*  3 

350 

318 

497 

505 

2 

245 

420 

92 

332 

414 

332 

391 

330 

506 

520 

3 

256 

44  0 

99 

348 

4 2 5 

3 41 

430 

351 

517 

530 

4 

268 

450 

105 

364 

443 

3-5 

450 

370 

530 

5 5 0 

e; 

275 

475 

110 

371 

-♦45 

3 54 

4 75 

333 

535 

5 55 

5 

285 

493 

116 

382 

461 

3*1 

49  5 

40  0 

544 

574 

7 

290 

504 

1 2Q 

392 

465 

3*0 

510 

*12 

550 

552 

9 

L‘96 

512 

122 

400 

479 

3 59 

522 

4 22 

555 

590 

q 

301 

524 

129 

402 

478 

390 

53? 

431 

560 

302 

IP 

305 

530 

130 

414 

489 

4 0 0 

545 

444 

565 

302 

li 

311 

540 

133 

420 

395 

410 

55  9 

457 

570 

310 

l? 

303 

530 

130 

418 

490 

405 

540 

44  5 

565 

598 

13 

295 

510 

125 

401 

479 

337 

520 

428 

555 

535 

14 

281 

435 

117 

392 

455 

399 

495 

♦ 09 

543 

5 5 0 

15 

26  0 

442 

102 

367 

4 35 

3’0 

437 

359 

520 

530 

15 

246 

420 

95 

35  0 

420 

3 > 5 

♦ 01 

348 

508 

511 

1' 

228 

339 

85 

339 

4 04 

3.5 

35? 

315 

491 

480 

19 

214 

3 52 

73 

315 

335 

■71 

335 

294 

477 

457 

15 

198 

330 

70 

294 

370 

320 

294 

250 

460 

420 

20 

180 

310 

60 

271 

343 

3 05 

255 

237 

442 

390 

101 


GAE/AE/76P-2 


TEST  RUN  I-  29-1/? 


DAT£»  T OCT  7b 
ARI  1.3 

NOZZLFt  3 1/3  IN 
TEMP!  3 3 9 £9  F 
PRESS l 14.35  PSI 
TINE  t 530  SEC 


OATA  POINT 

P3 

»4 

P5 

T 3 

T 4 

' 5 

F/F 

FN 

RPM 

HA 

1 

200 

333 

51 

276 

351 

Zc  5 

702 

235 

456 

+ 74 

9 

231 

395 

6 7 

322 

373 

253 

359 

293 

4 94 

537 

3 

251 

429 

75 

344 

335 

339 

395 

315 

512 

570 

4 

261 

449 

80 

360 

395 

320 

414 

734 

522 

598 

5 

276 

471 

37 

373 

409 

3<1 

440 

355 

536 

513 

5 

289 

495 

93 

389 

423 

3;  3 

459 

373 

549 

531 

7 

298 

512 

99 

405 

43  5 

3i5 

435 

394 

559 

5 + 4 

9 

705 

529 

101 

415 

449 

3 56 

535 

410 

565 

550 

3 

314 

540 

107 

426 

453 

373 

524 

*♦24 

572 

550 

10 

719 

5 50 

110 

434 

481 

391 

539 

433 

578 

550 

11 

325 

550 

112 

<♦41 

479 

3 <9 

550 

445 

582 

5 5 0 

1? 

319 

550 

110 

434 

463 

3 ' 3 

539 

437 

579 

550 

13 

311 

57* 

109 

430 

460 

334 

5 2 5 

429 

572 

550 

14 

301 

519 

100 

419 

45  3 

3"  5 

500 

+ 10 

563 

5 + 5 

lc 

290 

499 

97 

405 

-.30 

V.  4 

479 

396 

555 

5 37 

15 

278 

471 

90 

390 

413 

3*;5 

447 

370 

541 

510 

1 7 

268 

455 

84 

375 

+ 01 

3('4 

U9W 

355 

531 

596 

19 

254 

431 

78 

36  0 

793 

733 

799 

334 

519 

570 

19 

246 

415 

74 

349 

790 

3 ’5 

27  9 

313 

509 

5 5 8 

20 

239 

436 

71 

339 

775 

320 

753 

706 

502 

549 

102 


GAE/AE/76D-2 


Tr3T  RUN  I-  29-1/2 


DATct  7 OCT  7b 
ARJ  1.5 

NOZZLE I 3 1/4  IN 
TEMPI  53  TEG  F 
PRESS!  14.75  PSI 
TINE  * 850  SEC 


DATA  POINT 

P3 

34 

P5 

T3 

T 4 

"5 

F/p 

rN 

RPM 

WA 

1 

246 

415 

55 

344 

3 66 

2'  2 

368 

238 

510 

588 

2 

260 

440 

60 

361 

390 

3)8 

397 

310 

526 

519 

3 

276 

470 

66 

379 

397 

3 ) 9 

4?1 

335 

540 

551 

4 

287 

499 

70 

398 

412 

3 7 0 

4 4 8 

350 

551 

573 

5 

299 

510 

74 

409 

4 21 

3. ’9 

470 

359 

563 

531 

5 

308 

525 

73 

419 

429 

3‘  6 

435 

33  0 

570 

701 

7 

320 

549 

82 

440 

447 

3-.0 

511 

401 

532 

719 

9 

329 

553 

87 

446 

451 

3o6 

523 

417 

590 

741 

9 

334 

574 

90 

453 

453 

372 

533 

♦ 2b 

592 

750 

10 

344 

591 

93 

472 

478 

3 )6 

5 5 3 

440 

601 

754 

11 

358 

620 

100 

491 

303 

4 3 

507 

473 

620 

775 

12 

34  0 

533 

93 

468 

471 

3 90 

5 5 3 

444 

600 

750 

13 

3 28 

552 

39 

451 

460 

370 

535 

4 27 

592 

735 

14 

316 

54  0 

83 

437 

447 

37  0 

506 

409 

577 

710 

15 

295 

500 

75 

413 

425 

373 

4 5 5 

376 

5 50 

573 

15 

278 

459 

67 

394 

4 1 0 

3 ' - 0 

425 

349 

544 

546 

17 

259 

434 

60 

379 

390 

3'.'9 

394 

320 

527 

515 

19 

245 

411 

55 

355 

371 

312 

353 

299 

510 

538 

19 

226 

379 

50 

331 

3 5 6 

299 

330 

272 

490 

5 5 0 

20 

239 

404 

54 

338 

369 

3 0 4 

353 

239 

505 

594 
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Appendix  D 

Detai led  Calculations  and  Data  Reduction 

This  appendix  contains  the  detailed  tables  and  data 
reduction  formulas  to  convert  the  raw  data  to  the  correct 
parameter  with  the  appropriate  unit,  and.  to  correct  the 
values  of  the  parameters  to  a standard  day.  It  also 
contains  an  estimate  of  experimental  accuracy  by  com- 
parison of  the  theoretically  derived  thrust  to  that 
measured  experimentally. 

Table  1 

Strip  Chart  Inch  Equivalent  Values 
Values  correspond  to  one  inch  as  measured  on  the  strip 
recorder . 


P3  - 

10  PSI 

P4  - 

5 PSI 

P5  - 

5 PSI 

T3  - 

100  °F 

T4  - 

400  °F 

m 

‘ 5 " 

400  °F 

F/F  - 

20  HZ 

FN  - 

20  lbf 

RPM  - 

12000 

m 

2 in  H2O 

The  readins  for  F/F  and  m require  additional  conver- 
sion to  obtain  the  correct  units  as  shown  in  the  following 
table : 
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Table  2 


Fuel  Flow  and  Airflow  Conversion  Constants 
F/F  (lb/hr)  = (325/180)  (.75)  (Hz) 


Wa  = m (lb^/min) 


(111.24)  VpINF/TINF 


In  the  above  table,  (325/180)  is  the  slope  of 
the  Potter  correction  curve,  .75  is  specific  gravity, 
and  Hz  is  the  number  obtained  in  Table  1.  The  number 
111.25  is  a constant  as  derived  by  Fisher  (Ref  1.). 
(See  the  computer  program  listings  for  additional 
comments  concernina  conversions.) 


Table  3 


Additional  Formulas 


F„  (corr)  ' (inO)  / 8 
RPM(  <orr)  » (RPM  (kM0)  /V* 

^4  (Corr)  ^ 

& VW 

r « (co<(.co 

Ur*  < * U>«.  <!..»)  V? 

s 

e . r/T, , 

S ■ p/p. 


i 

i 


Thrust  equation: 


where  it  is  assumed  that 

f * .02 

- 10 

For  A/R  1.5  and  3 \/&  nozzle,  corrected  thrust  is  97  lb^. 
From  thrust  equation  with 

Cp  --  23S5  eru/ lb  *F 
T>,  - 2ooo  *R 
Y --  1.316 

Predicted  theoretical  thrust  is  92  lb ^ . 


3s  5%  accuracy 


m 
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